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ADVERTISEMENT. 



IN presenting to the public the condudin 
volume of the Scientific Diaxogues^ the Ai 
tbor cannot but acknowledge^ with sentimeni 
of gratitude, the favourable reception which tli 
former parts of the work have experienced. B 
trusts, that the several subjects comprised i 
this last volume, will have an equal claim to tt 
candour of those who are engaged in the ardi 
ous but honourable employment of education. 

It will be seen that it was quite impossible i 
include in the three volumes the introduction t 
chymistrj, as was originally intended. Thi 
branch of science is become so very interesting 
and the study of it so general, that it woul 
bave been unpardonable to have devoted only 
part of a volume to the discussion of it; th 
Author has, therefore, at the suggestion an 
desire of many friends, who have given thei 
approbation to the Scientific Dialogues, undei 
taken to furnish a separate work on this sub 
ject, in two volumes, similar in size to this. 
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CONVERSATION I. 



INTRODUCTION. 



Qf Iight-*The Sroallness of its Partidea— Their ydoci^<^ 
They move only in straight Lines. 

CHAttLES. When we were on the sea^ 

you told us that you would explain the reason 

Why the oar, which was straight when it lay in 

the boat, appeared crooked as soon as it was 

iput into the water. 

[ Tutor. I did: but it requires some previous 
knowledge before you can comprehend the sub- 
ject. It would afford you but little satisfaction 
to be told that this deception was caused by the 
different degrees of refraction which takes place 
in water and in air. 

James. We do not know what you mean by 
the word refraction. 

Tutor. It will therefore be right to proceed 
with caution; refraction is a term frequently 
used in the science of opticS;^ and this science 
depends wholly on light. 

James. What is light 2 



10 OPTICS. 

Tutor. It would, perhaps, be difficult to give 
a direct answer to your question, because we 
know nothing of the nature of light, but by the 
cflTects which it produces. In reasoning, how- 
ever, on this subject, it is generally admitted 
that light consists of inconceivably small parti- 
cles ; which are projected, or thrown off from 
a luminous body with great velocity, in all di- 
rections. 

Charles. But how is it known that light is 
composed of small particles ? 

Tutor. There is no proof indeed that light is. 
materialf or composed of particles of mattery 
and therefore I said it was generally , not liiit- 
versaUy^ admitted to be so ; but if it is allowed 
that light is matter^ then the particles must be 
small beyond all computation, or in falling oa 
the eye they would infallibly blind us. 

James, l^oes not the light come from the sunt 
in some such manner as it does from a candle 7 

Tutor. This comparison will answer our pur^ 
pose; but there appears to be a great differ**, 
ence between the two bodies : a candle, whether 
of wax or tallow, is soon exhausted ; but philo* 
sophers have never been able to observe thai 
the body of the sun is diminished by the ligU 
which it incessantly pours forth. 

James, You say incessantly ; but we see on" 
ly during the hours of day. 

Charles. That is because the part of the earth 
frbich we inhabit is turned away from the bqh 
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^' during the night : but our midniglit is mid-da, 
to some other parts of the earth. 

Tutor. Right : besides you know the snn i 
not intended merely for the benefit of this globe 
but U is the dource of light and heat to six othe 
planetSy and eighteen moons belonging to then 

Charles. And you have not reckoned the fou 
newly discovered little planets, which Docto 
Herschel denominates Asteroids, but which ar 
known by the name of Ceres Ferdinandea, Pal 
lasy Juno^ and Vesta. 

Tutor. Well then : the sun to these is th 
perpetual source of lights heat^ and motion ; an 
to more distant worlds it is a fixed star^ an 
will appear to some as large as Arcturus» t 
others no larger than a star of the sixth mag 
nitude^ and to others it must be invisible, unles 
the inhabitants have the assistance of glasses, o 
are endowed with better eyes than ourselves. 

James. Fray, sir, how swift do you recko 
that the particles of light move ? 

Tutor. This you will easily calculate, whe 
you know, that they are only about eight mi 
nutes in coming from the sun. 

Charles. And if you reckon the sun to be 2 
the distance of ninety-five millions of miles froi 
the earth ; light proceeds at the rate, nearly, c 
twelve millions of miles in a minute, or a 
200,000 miles in a second of time. But ho^ 
do yoii know that it travels so fast ? 

Tutor. It was discovered by M. Roemer^ wh 
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observed that the eclipses of Jupiter's satellites 
took place about sixteen minutes later, if tho 
earth were in that part of its orbit* which is 
farthest from Jupiter, than if it were in the op- 
posite point of the heavens. 

Charles, I understand this :, the earth may 
sometimes be in a line between the sun and Ju- 
piter, and at other times the sun is between the 
earth and Jupiter ; and therefore^ in the latter 
case, the distance of Jupiter from the earth is 
greater than in the former^ bj the whole length 
of its orbit. 

Tutor. In this situation, the eclipse of any of 
the satellites is, by calculation, sixteen minutev 
later than it would be. if the earth were be- 
tween Jupiter and the sun; that is, the light 
flowing from Jupiter's satellites is about sixteen 
ininutes in travelling the length of the earth's 
orbit, or 190 millions of miles. 

James. It would be curious to calculate how 
much faster light travels than a cannon-ball. 

Tutor. Suppose a cannon-ball to travel at the 
rate of twelve miles a minute; and liglit to 
move a million of times faster than that; yet 
Dr. Akenside conjectures that there may be 
stars so distant from us that the light proceed- 
ing from them has not yet reached the earth : 

r-Whose un&ding light 

Has traveU'd the profound sij; thousand ye^, 
Nor yet arriv'd in sight of mortal things. 
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. Chadei. Was it to this author that Dr. Toun 
alludes in these lines ? 

Hov distant some of the nocturnal suns ! 
So distant, says the sage, 'twere not absurd 
T« doubty if beams, set out on Nature's birth, 
Mtt ytt airiy'd at tlus so foreign world ; 
Though nothing half so rapid as their flight 

Tutor. He probably referred to Huygens, a 
Mninent astronomer, who threw out tlie idea be 
fare Akenside was born. 

James. And you say the particles of Iigl 
Bove in all directions. 

Tutor. Here is a sheet of thick brown papei 
I make only a small pin-hole in it, and the 
through that hole, I can see all the objecti 
such as the sky, trees, houses, &c. as I could 
the paper were not there. 

Charles. Do we only see objects by means ( 
the rays of light which flow from them ? 

Tutor. In no other way : and therefore th 
light that comes from the landscape, which 
Tiew by looking througli the small hole in tii 
paper, must come in all directions at the sam 
time.— T-Take another instance ; if a candle fa 
placed on an eminence in a dark night, it ma 
be seen all rotmd for the space of half a mile 
in otlier words, there is no place within a sphei 
of a mile in' diameter, where the candle cann( 
be seen, that is, where some of the rays froi 
the small flame will not be found. 
Vox. IJ/.— B 
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James. Why do you limit the distance 
a mile ? 

Tutor. The distance^ of course, will be 
er or less, according to the size of the c 
but the degree of light, like heat, diminii 
proportion as you go farther from the lui 
body, 

Charles. Does it follow the same law s 
-dlty ?* 

Tutor. It does: the intensity or dej 
light decreases as the square of the di 
from the luminous body increases. 

James. Do you mean, that at the dist^ 
two yards from a candle, we shall hav 
times less light, than we should have, if w 
only one yard from it ? 

Tutor. I do: and at three yards di$ 
nine times less light ; and four yards di$ 
you will have sixteen times less tight tha 
would were you within a yard of the obj 
I have one more thing to tell you : light ; 
moves in straight lines. 

James. How is that known ? 

Tutor. Look through a straight tube 
object, and the rays of light will flow r 
from it to tlie eye, but let the tube be ben 
the object cannot be seen through it, 
proves that light will move only in a st 
line. 

* See Scientific Dialogues. Vol. I. Conversatiion 
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This is plain also from the shadows whic 
opaque bodies cast ; for if the light did not d 
scribe straight lines, there would be no shadow 
Hold any object in the light of the sun, or 
candle^ as a square board or book, and the shi 
dow caused by it proves that light moves onl 
ill right or straight lines. 



CONVERSATION II. 



Of Rays of light— Of Reflection and Refraction. 

Charles. Tou talked, the last time we met, < 
the rays of light flowing or moving ; what 6 
you mean by a ray of light ? 

Tutor. Light, you know, is supposed to I 
made up of indefinitely small particles ; no 
one or more of these particles in motion froi 
any body, is called a ray of light. — If the su] 
position be true, that light consists of partich 
flowing from a luminous body, as the sun, an 
that these particles are about eight minutes i 
coming from the sun to us ; then if the sun wei 
blotted from the heavens^ we should actual) 
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have the same appearance for eight minutes af- 
ter the destruction of that body as we now have. 

James. I do not understand how we could see 
a thing that would not exist. 

Tutor. The sur^ is perpetually throwing oil 
particles of lights which travel at the rate ol 
twelve millions of miles in a minute^ and it i« 
by these that the image of the body is impress- 
ed on our eye. The sun being blotted from the 
firmament would not aflTect the course of the 
particles that had the instant before been thrown 
from his body ; they would travel on as if no- 
thing had happened, and till the last particles 
bad reached the eye^ we should think we saw 
the sun, as much as we do now. 

Charles. Do we not actually see the body it- 
self? 

Tutor. The sense of sight may, perhaps, nol 
be unaptly compared to that of smell : a grain 
of musk will throw off its ordorifcrous particles 
all round, to a considerable distance ; now if 
you or I happen to be near it, the particles 
which fall upon certain nerves in the nose will 
excite in us those sensations, by which we say 
we have the smell of musk. In the same way 
particles of light are flowing in every direction 
from the grain of musk, some of which fall on 
the eye, and these excite different sensations^ 
from which we say, we see a piece of musk. 

Charles. But the inusk will in time be com- 
pletely dissipated, by the act of throwing off the 
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fine particles ; whereas a chair or a table ma 
throw off its rays so as to be visible^ withoi 
ever diminishing its size. 

Tutor. True: because whatever is distin 
fished by the sense of smell, is known only b 
the jurticles of the odoriferous body itself flo\« 
ing from it : whereas a body distinguished b 
the sense of sight is known by the rays of lighi 
which first fall on the body, and are then rejleci 
ed from it. 

James. What do you mean by being reflected 

Tutor. If I throw this marble smartly agains 
the wainscot, will it remain where it wa 
thrown? - 

James. No: it will rebound, or come bad 
again. 

Tutor. What you call rebounding, writers o 
optics denominate reflection. When a body c 
any kind, whether it be a marble with whic 
yon play, or a particle of light, strikes agains 
a surface, and is sent back again, it is said t 
be reflected. If you shoot a marble straigh 
against a board, or other obstacle, it comes bad 
in the same line, or nearly so ; but suppose yoi 
throw it sideways, does it return to the hand 

Charles. Let me see : I will shoot this marbl 
against the middle of one side of the room, froE 
the corner of the opposite side. 

James. Tou see, instead of coming back t 
your hand^ it goes off to the other corner, di 

B 2 
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rectijr opposite to the place frotn which yoH 
sent it. 

Tutor. This will lead us to the explanation 
of one of the principal definitions in optics^ viz. 
^hat the angle of reflection is always equal to tfn 
angle (^incidence. Ton know what aki angle is?* 

Charles. We do : but not what an angto oi 
i$usidence is. 

Tutor. I said a ray of light was la particle d 
light in motion : now there are tncMenf rays^ 
and reflected rays. 

The incident rays are those which fatt an the 
surface ; and the reflected rays are those which 
are sent offtvom it. 

Charles. Does the marble going to the wain- 
scot represent the incident ray» and in going 
from it, does it represent the reflected tbj ? 

Tutor. It does: and the wainscot may be 
called the reflecting surface. 

James. Then what are the angles of incidence 
and reflection ? 

Tutor. Suppose you draw the lines on which 
the marble travelled, both to the wainscot, and 
from it again. 

Charles I will do it with a piece of chalk. 

Tutor. Now draw a perpendicularf fh>m the 
• 

* See Seientific Dialogues. Vol. I. Conv^ersatton I. 

\ U the p<nnt be exactly in the middle of one mde of the 
room, a perpendicular is readi^^ drawn by findings the mid* 
die of the oppositt side, and joming the xwo points. 
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point where the marble struck the surface, thi 
is, where your two lines meet. 

Charles. I see there are two angles, and the 
fieem to be equal. 

Tuior. We cannot expect mathematical pr 
cision in such trials as these ; but if the exp 
ritttent were accurately made^ the two angl( 
would be perfectly equal : the angle contaim 
between the incident ray, and the perpendicula 
is called the angle of incidence, and that coi 
tained between the perpendicular and reflect( 
ray, is called the angle of reflection. 

James. Are these in all cases equal, sho 
the marble as you will ? 

TtUar. They ai*e : and the truth holds equal! 
with the rays of light : — both of you stand : 
front of the looking-glass. You see yourselve 
and one another also ; for the rays of light flo 
from you. to the glass, and are reflected bac 
again in the same lines. Now both of y< 
stand on one side of the room. What do y( 
see? 

Charles. Not ourselves, but the furniture ( 
the opposite side. 

Tutor. The reason of this^s* that the rays 
light flowing from you to the glass, are reflec 
ed to the other side of the room. 

Charles. Then if I go to that part, I shall S( 
the rays of light flowing from my brother > 
and I do see him in the glass. 

James. And I see Charles. 
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Tutor. Now the rays of light flow from ea 
of you to the glass, and are reflected to one a 
other : but neither of you sees himself. 

Charks. No : I will move in front of the glai 
now I see myself but not my brother ; and. 
think) I understand the subject very well. 

Tviar. Then explain it to me by a figoi 
which you may draw on the slate. 

Charlts. Let a b fPlate i. Fig. 1.) represc 
the looking-glass : it I stand at c» the rays flc 
from me to the glass, and are reflected back 
the same line, because now there is no angle 
incidence, and of course no angle of reflectio] 
but if I stand at a?, then the rays flow from i 
to the glass, but they make the angle a; o c» ai 
therefore they must be reflected in the line o 
so as to make the angle y o c, which is the a 
gle of reflection, equal to the angle x og. Ai 
if James stand at jf, he will see me at x^ and 
standing at a;, shaU see him at y. 



CONVERSATION IIL 



Of the Refraction of light. 



Charles. If glass stop the rays of light, 
reflect them, why cannot I see myself in the i 
dow? 
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Tiilor. It is the silvering on the glass wh 
causes the reflection, otherwise the rays woi 
pass through it without being stopped, and 
they were not stopped, they could not be reflec 
sd. No glass, however, is so transparent, bi 
It r^ects some rays: put your hand to withi 
three oi* four inches of the window, and you se\ 
:learly the image of it. 

Jamts. So I do, and the nearer the hand is 
to the glass, the more evident is the image, but 
it IB formed on the other side of the glass and 
beyond it too. 

Tutor. It is ; this happens also in looking- 
glasses : you do not see yourself on the surface, 
but apparently as far behind the glass, as you 
itand from it in the front. 

Whatever suffers the rays of light to pass 

trough it is called a medium. Glass, which is 

ansparent, is a medium ; so also is air, water, 

d indeed all fluids that are transparent, are 

!led media^ and the more transparent the bo- 

, the more pertect is the medium. 

harles. Do the rays of light pass through 

)e in a straight line? 

\tar» They do ; but not in precisely the 

p direction in which they were moving be- 

they entered it. They are bent out of their 

er coui*se, and tliis is called refraction. 

Ties. Can you explain this term more 

^.or. Suppose A B (Plate i. Fig. 2.) to be 
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a piece of glass^ two or three inches tl 
a raj of light s Uf to fall upon it at 
not pass through in the direction s S9 
it comes to a, it will be bent towards 
pendicular a bf and go through the gl; 
course a x, and when it comes into t 
will pass on in the direction x %, whi 
rallel to s s. 

Charles. Does this happen if the ra] 
pendicularly on the glass at f a ? 

Tutor. In that case there is no r 
but the ray proceeds in its passage thi 
glassy precisely in the same direction 
before it entered it, namely, in the dire 

James. Refraction then takes place c 
the rays fall obliquely or slantwise 01 
dium. 

TuioT. Just so : rays of light may 
of a rarer into a denser medium, as fr( 
to water or glass : or they may pas 
denser medium into a rarer, as from v 
air. 

Charles. Are the effects the same in 
ses? 

TiUor. They are not : and I wish 3 
member the difference. When light f 
of a rarer into a denser medium, it is 
the perpendicular ; thus, if s a pass fro 
to glass, it moves, in its passage throi 
the line a Xy which is nearer to the pej 
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lar a fr than the line a 8, which was its fird 
fUrection. 

But when a ray passes from a denser medi 
um into a rarer, it moves in a direction /artAe 
from the perpendicular ; thus if the ray x a pas 
throoigfa glass or water into air, it will not, whe: 
it comes to a, move in tlie direction a m, but i: 
tiie line a s, which is further than a m from th 
perpendicular a p. 

! James. Can you show us any experiment i 
proof of this ? 
Tutor. Tes, I can : here is a common earthe 
pan, on the bottom of which I will lay a shil 
ling, and will fasten it with a piece of soft was 
80 that it shall not move from its place, whil 
I pour in some water. Stand back till you jus 
lose sight of the shilling. 

James. The side of the pan now complete! 
hides the sight of the money from me. 

Tutor. I will pour in a pitcher of clear watei 

James. I now see the shilling : how is thi 
to be explained ? 

Tutor. Look to the last figure, and conceiv 
your eye to be at s, a 6 the side of the pan, an 
the piece of money to be at x : now wlien th 
pan is empty, the rays of light flow from .x, 1 
the direction x a 7n, but your eye is at s, c 
course you cannot see any thing but the ra 
proceeding along x a m. As soon as I put tli 
water into the vessel, the rays of light procee 
from X io a, but there they enter from a dense 
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to a rarer medium; and thereforet inst 
moving in a my as they did when there v 
water, they will be bent/rom the perpendi 
and will come to yoor eye at s^ as if the si 
were situate at n. 

James. And it does appear to me to b< 

J^tor. Remember what I am going 
you, for it is a sort of axiom in optics : 
see every thing in the direction of that I 
which the rays approach us last/' Whic 
be thus illustrated : I place a candle befo 
looking-glass, and if you stand also befo 
glass, the image of the candle appears I 
it; but if another looking-glass be so pla 
to receive the reflected rays of the candl 
you stand before this second glass, the 
will appear beitind that ; because the mind 
fers every object seen along the line in 
the rays come to the eye last. 

Charles, If the shilling were not mo^ 
the pouring in of the water, I do not unde 
how we could see it afterwards. 

Tutor. But you do see it now at the pi 
or rather at the little dot just above it, wl 
an inch or two from the jilace where it wa 
ened at the bottom, and from which, yo 
convince yourself, it has not moved. 

James. I should like to be convinced ol 
will you make the experiment again, that 
be satisfied of it ? 

Tutor, You may make it as often 8 
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please, and the effect will always be the same 
but you must not imagine that the shilling onl 
will appear to move, the bottom of the vessi 
seems also to change its place. 

James* It appears to me to be raised highc 
as tiie water is poured in«- 

Tutor* I trust you are satisfied by this exp< 
riment: but I can show you another equall 
convincing; but for this we stand in need of tli 
8un. 

Take an empty vessel a, a common pan c 
basin will answer the purpose^ (Plate i. Fig. 3 
into a dark roomt having only a very small ho] 
in the window shutter : so place the basin ths 
a ray of light s s shall fall upon the bottom < 
it at Of bere I make a small markt and then fi 
the baain with water. Now where does the ra 

James* Mach nearer to the side at b* 

Tutor. I did not move the basin, and then 
&re could have had no power in altering tli 
course of light. 

Charles. It is very clear that the ray was n 
(racted by the water at s: and I see that tli 
effect of refraction in this instance has been 1 
draw the ray nearer to a perpendicular, whic 
may be conceived to be the side of the vesse 

Tutor. The same thing may be shown wit 
a candle in a room otherwise dai^k : let it stan 
in such a manner as that the shadow of the sid 
of a pan or box may fall somewhere at the bo 

Vei. m.— c 
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torn of it ; mark the place^ and pour in ws 
and the shadow will not then fall so far 1 
the side. 



CONVERSATION IV. 



Of the Reflection and Refraction of L^ht. 

Tutor. We will proceed to some farther i 
trations of the laws of reflection and refrac 
We shut out all the light except the ray 
comes in at the small hole in the shutter 
the bottom of this basin^ where the ray of 1 
falls, I lay this piece of looking-glass ; ai 
the water be rendered in a small degree op; 
by mixing with it a few drops of milk, and 
room be filled with dust by sweeping a cai 
or any other means, then you will see tht 
fraction which the ray from the sliutter un 
goes in passing into the water, the reflecth 
it at the surface of the looking-glass, and 
refraction which takes place when the ray h 
the water, and passes again into the air. 

James. Does this refraction take place . 
kinds of glass ? 
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Tufor. It does ; but where the glass is ver} 
thin* as in wifidow glass^ the deviation is so 
small as to be generally overlooked. Yon may 
BOW understand why the oar in the water ap- 
pears bent, though it be really straight ; for 
suppose A B (Plate i* Fig. 4.) represent water* 
indma ac the oar, the image of the pail a x 
in the water will lie above the object, so that 
the oar will appear in the shape m an^ instead 
of m a 07. On this account also, a iish in the 
water appears nearer the surface than it actually 
is, and a marksman shooting at it must aim 
kelow the place which it seems to occupy. 

Charles. Does the image of the object seen in 
the water always appear higher than the object 
really is 7 

Tittor. It appears one fourth nearer the sur- 
face than the object is. Hence a pond or river 
is a third part deeper than it appears to be, 
which is of importance to remember, for many 
a school-boy has lost his life by imagining the 
water into wliich he ])limge(l was within his 
depth. 

James. You say the bottom appears one fourth 
nearer the surface than it is; and then that the 
water is a third deeper than it seems to be : I 
do not understand this. 

Tutor. Suppose the river to be six feet deej), 
whicli is sufficient to drown you or me, if we 
cannot swim : I say the bottom will appear to 
be onljK four feet and a Jialf from the surface, in 
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which case jovl could stand and have the gn 
er part of your head above it ; of course it 
pears to be a foot and a half shallower thai 
is ; but a foot and a half is just the third par 
four feet and a half. 

Cluirles. Can this be shown by experimc 

Tutor. It may: — I take this large empty ( 
and with a piece of soft wax stick a pieci 
money at the bottom^ but so that you can , 
see it as you stand ; keep your position, ai 
will pour in a quantity of water gradually^ 
tell me the appearance. 

Charles. The shilling rises exactly in the si 
proportion as you pour in the water. 

Tutor. Recollect then, in future^ that we c 
not judge of distances so well in water as in 

James. And I am sui^ we cannot of ma] 
tudes: for in looking through the sides c 
globular glass at some gold and silver fisi 
thought them very large ; but if I looked dc 
upon them from the top^ they appear m 
smaller indeed. 

Tutor. Here the convex ob round shape 
the glass becomes a magnifier, the reason 
which will be explained hereafter. A fish v 
however, look larger in water than it really 
— I will show you another experiment wli 
depends on refraction : here is a glass gol 
two-thirds full of water ; I throw into it a s 
ling, and place a plate on the top of it, and t 
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. it qaickly over, that the water may not escape. 
What do you see ? 

CharitSm There is certainly a half crown ly- 
ing on the plate, and a shilling seems swimming 
above it in the water. 

Tutor. So it appears, indeed i but it is a de- 
ception which arises from your seeing the piece 
«f money in two directions at once, viz. through 
flie conical surface of the water at the side of 
the glass, and through the iSat surface at tlie 
top of the water. The conical surface, as was 
the case with the globular one in which the fish 
were swimming, magnifies the money ; but by 
the flat surface the rays are only refracted, on 
which account the money is seen higher up in 
the glass, and of its natural size, or nearly so. 

James. If I look sideways at the money, I 
only see the large piece ; and if only at top, I 
see it in its natural size and state. 

Charles. Look again at the fish in the glass, 
and you will see through the round part two 
very large fish, and seeing them from the upper 
part, they appear of their natural size; the de- 
ception is the same as with the shilling in the 
goblet. 

Tutor. The principle of refraction is produc- 
tive of some very important effects. By this, 
the sun, every clear morninp^, is seen several 
minutes before he comes to the horizon, and as 
long after he sinks beneath it in the evening. 

Charles. Then the days are longer than they 

c 2 
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would be if there was no sacb a thing as red 
tion. Will you explain how this hi4>pena 7 

Tutor. I will : you know we al<e surrouii 
with an atmosphere, which extends all ro 
the earth, and above it, about the heip^ht of 
ty-five miles; now the dotted part of Fig. 5. 
presents that atmosphere : suppose a spect 
stand at 9, and the sun be at a; if there ^ 
no refraction, the person at $ would not see 
rays of the sun till he were situate with rej 
to the sun in a line sxa^ because when it 
below the horizon at ft, the rays would pasi 
the earth in the direction babx; but owinj 
the atmosphere, and its refracting power, ¥ 
the rays from b reach a?, they are bent tow; 
the perpendicular, and carried to the specf 
at 9. 

James. Will he really see the image o 
sun while it is below the horison 7 

Tutor. He will ; for it is easy to calf 
the moment when the sun shoold rise an 
and If that be compared with exact obsen 
it will be found that the image of the sun 
sooner and later than this by several n 
every clear day. 

Charles. Are we subject to the same 
deception when the sun is actually ab 
horizon 7 

Tutor. We are always subject to it 
latitudes, and the sun is never in that 
the heavens where he appears to be. 
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JSmes. Why in these latitudes particularly ? 

lUor. Because with as the sun is never in 
Ike flSMtf&f B9 or directly over our heads ; and 
ia that sitnation alone, his true place in the hea- 
f eag is the same as his apparent place. 

Oimies. Is that because there is no refraction 
vkii ihe rays fall perpendicularly on the atmo- 
fhere? 

Talor. It is: but when the sun (Plate i. Fig. 
t») is at my his rays will not proceed in a direct 
tmmor^ but will be bent out of their coarse 
It Of and go in the direction o s, and the spec- 
tator will imagine he sees the sun in the line 
loa. 

CharUSm What makes the moon look so much 
larj^ when it is just above the horizon, than 
when it is higher up ? 

TVfAir. The tiiickness of the atmospherCf 
when the moon is near the horizon, renders it 
less bright than when it is higher up, which 
leads us to suppose it is farther off in the for- 
mer case than in the latter ; and because we 
imagine it to be farther from us, we take it to 
be a larger object than when it is higher up. 

It is owing to the atmosphere that the hea- 
Tens appear bright in the day time. Without 
an atmosphere, only that part of the heavens 
would appear luminous in which the sun is 
placed ; in that case, if we could live without 
air, and should stand with our backs to the sun, 
the whole heavens would appear as dark Bif 



oFnos. 



CONVERSATION V. 



definitions— Of the diiTerent kind of Lense»— Of »fr. Parb 
Burning Lens, and the effects produced by it. 

Tutor. I must claim your attention to a C 
other definitions ; the knowledge of which n 
be wanted as we proceed. 

•iS pencil of rays is any number that proce 
from a point. 

Farallel rays are such as move always at t 
same distance from each other. 

Charles. That is something like the definiti 
of parallel lines.* But when you admitted i 
rays of light through the small hole in the sb 
ter* they did not seem to flow from that pr 
in parallel lines, but to recede from each of 
in proportion to their distance from that pc 

TnU)r. They did ; and when they do thuf 
cede fn)m each other* as in this figure (Pla 
Fig. 6.) from c to c d, then they are said t 
verge. But if they continually approach tov 
eacfi otiierf as in moving from c d to c, the 
said to converge. 

* Parallel lines are those which being infinitely e 
sever meet 



07 THE DItFEKEHT LENSES. S3 

James, What does the dark part of this figure 
represent ? 

Tutor. It represents a glass lens, of which 
there are several kinds. 

Charles. How do you describe a lens ? 

Tutor. A Lens is a glass ground into such a 
form as to collect or disperse the rays of light 
which pass through it. They are of diffrront 
shapes, from which they take their names. 
Tbey are represented here in one view, (Plate 
L Fig. 7.) A is such a one as that in the last 
figure, and it i^ called a jdano-convex, because 
one side is flat, and the other convex ; b is a 
^no-concavef one side being j^af, and the other 
n^eonearoe; c is a douhle'Convex lenSf because 
both sides are convex ; d is a doubte-concave, 
because both sides are concave ; and e is called 
a memscuSf being convex on one side, and con- 
CETe on the other ^ of this kind are all watch 
glasses. 

James. I can easily conceive of diverging 
rajs, or rays proceeding from a point; but what 
is to make them converge, or come to a point ? 

Tutor. Look again to the figure (Fig. 6.) 
now a, 6, m, &c. represent parallel rays, falling 
upon ed a convex surface, of glass for instance, 
all of which, except the middk one, fall upon 
it obliquely, and, according to what we said 
yesterday, will be refracted towards the per- 
pendicular. 



M OPTICS. 

CharU$. And I see thej \vill all mee 
certain point in that middle line. 

Tutor. That point c is called the foca 
dark part of this figure only represents the 
as c d n. 

Charles. Have you drawn the circle t( 
the exact curve of the different lenses l 

Tutor. Yes : and you see that paralle 
falling upon a ptano-convex lens (Fig. 6.] 
at a point behind it, the distance of which 
the middle of the glass^ is exactly equal 
diameter of the sphere of which the len 
portion. 

James. And in the case of a double^com 
the distance of the focus of parallel rays 
only to the radius of the sphere? (Plate 1. 1 

Tutor. It is : and you see the reason of 
mediately; for two concave surfaces have 
the effect in refracting rays to what a sing 
has : the latter bringing them to a focus 
distance of the diameter, the former at ha 
distance, or of the radius. 

Charles. Sometimes, perhaps, the twc 
of the same lens may have different ci 
what is to be done then ? 

Tutor. If you know the radin<3 of bo 
curves, the following rule will give you ti 
swer: 

"As the sum of the radii of both cur 
convexities is to the radius of cither, so ' 
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e the radius of the other to the distance of the 
cas from the middle point.'' 
James* Then if one radius be four inches, 
id the other three inches, I say, as 4+3:4 
6 : ^^sszS^, or to nearly three inches and a 
Jf. I saw a gentleman lighting his pipe yes- 
"day, by means of the sun's rays and a glassy 
IS that a double convex lens 7 
Tutor. I dare say it was : and you now see 
i reason of that which then you could not 
mprehend : ail the rays of the sun that fall on 
$ surface of the glass (see Fig. 8.) are collect- 
in the point /, which, in this case, may re- 
Bsent the tobacco in the pipe. 
Charles. How do you calculate the heat 
iich is collected in the focus ? 
Tutor. The force of the heat collected in the 
zua is in proportion to the common heat of the 
n, as ti^e area of the glass is to the area of 
» focus: of course, it may be a hundred or 
m a thousand times gi*eater in the one case 
in in the other. 

Janus. Have I not heard you say that Mr. 
rker, of Fleet-street, made once a very large 
IS, which he used as a buriiingglass ? 
Tutor. He formed one three feet in diameter, 
d when fixed in its frame, it exposes a clear 
rface of more than two feet eight inches in 
imeter, and its focus, by means of another 
IS, was reduced to a diameter of half an inch. 
le beat protkrt\^d by this was so great, that 
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iron plates were melted in a few seconds: 
and slates became red-hot in a moroenti 
were vitrified, or changed into glass : sal] 
pitchy and other resincius bodiesy were m 
under water : wnod-ashes, and those of < 
vegetable substances, were turned in a mo 
into transparent glass. 

Charles. Would the heat produced bj it 
all the metals ? 

Tutor. It would: even gold was rend 
fluid in a few seconds ; notwithstanding, 
ever, this intense heat at the focus, the fl 
might, without the smallest injury, be pi 
in the cone of rays within an inch of the f( 

James. There was, however, I should 
pose, some risk in this experiment, for fei 
bringing, the finger too near the focus. 

Tutor. Mr. Parker's rnriosity led him 1 
what the sensation would be at the focus 
be describes it like that produced by a 
lancet, and not at all similar to the pair 
duced by the heat of fire or a candle, 
stances of a white colour were difficult 
acted upon. 

Charles. I suppose he could make wat 
in a very short time with the lens. 

Tutor. If the water be very pure, ai 
tained in a clear glas. <!ecanter, it wil 
warmed by the most powerful lens. Bu 
of wood may be burned to a coal, wt 
contained in a decanter of water. 
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mti. Will not the beat break the glass ? 
stor. It wH) scarcely warm it : if^ hfnvereri 
see of metal be put in the water^ and tbe 
I of rays be thrown on that^ it will comnrii<* 
A heat to the water, and sometimes make 
111. The same effect will be produced jf 
3 be some ink thrown into the water, 
a cavity be made in a piece of charcod^ 
tbe substance to be acted on be pat i» it, 
iffect produced by the lens will be much in« 
jed. Any metal thus enclosed melts in a 
ent, the fire sparkling tike that of a forge 
liich the blast of a bellows is applied. 
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lallel Rays — Of diverging and co»n^erging Rays— Of 
the Focus and focal distances. 

mrles. I have been looking at the figures 
By and see that the ra}S falling upon the 
;s are parallel to one another : are the sun^t 
parallel? 

idor. They are considered so : but you must 
luppose that all the rays that come from the 
Yoii. Ill — D 
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surface of an object, as the sun, or any o1 
body, to the eye, are parallel to each other, 
it must be understood of those rays only wl 
proceed from a single point. Suppose s (P 
I. Fig. 9.) to be the sun, the rays which ] 
ceed from a single point a, do in reality for 
Gone, the base of which is the pupil of the < 
and its height is the distance from us to the i 

James. But the breadth of the eye is not! 
when compared to a line ninety-five million 
miles long. 

Tutor. And for that reason, the varipus i 
that proceed from a single point in the sun 
considered as parallel, because their inclina^ 
to each other is insensible. The same ma^ 
said of any other point as c. Now all the t 
that we can admit by means of a small a] 
ture or hole, must proceed from an indefini 
small point of the sun, and therefore they 
justijy considered as pai^allel. 

K now we take a ray from the point a, ; 
another from c, on opposite points of the si 
disk, they will form a sensible angle at the e; 
and it is from tSis angle a e c that we judg 
the apparent size of the sun, which is ah 
half a degree in diameter, 

Charles. Will the size of the pupil of the 
make any difference with regard to the appc 
anre of the object? 

Tutor. The larger the pupil, the brighter 
the object appear, because the larger the p 
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iSf the greater number of rays it will receive 
fiom any single point of the object. — And I wish 
yea to remember what I have told you before, 
that whenever the appearance of a given object 
is rendered larger and brighter, we always 
imagine that the object is nearer to us than it 
really is, or than it appeai*s at other times. 
. Jaines. If there be nothing to receive the 
rays (Fig. 8.) at /, would they cross one an- 
.other and diverge ? 

Tutor* Certainly, in the same manner as they 
converged in coming to it ; and if another glass 
I o, of the same convexity as d e, be placed in 
Uke rays at the same distance from the focus, it 
so refract them, that, after going out of it, ^ 

J will be parallel, and so proceed on in the 
manner as they came to the first glass. 

Charles. There is, however, this difference ; 

the raysy except the middle one^ have chang- 

sides. 

TiUor* You are right ; the ray b, which en- 
~ at bottom, goes out at the top ( ; and a, 

ich entered at the top, goes out at the bottom 
<» and so of the rest. 

If a candle be placed at /, the focus of the 
convex glass, the diverging rays in the space 
r/o, will be so refracted by the glass, that 
alter going out of it, they will become parallel 
again. 

James. What will be the effect if the candle 
be nearer to the glass than the point f? 
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2Vf(Qr. In that case, as if the candl 
(Plate II. Fig. 10.) the rays will divi 
they have passed through the glass, a 
vergency will he greater or less in f 
as the candle is more or less distant 
focus. 

Charles. If the candle be placed far 
the lens than the focus /, will the ra^ 
a point after they have passed throug 

Tutor. They will : thus if the candle 
at gf (Plate ii. Fig. 11.) the rays, afte 
the lens, will meet at x; and this po 
be more or less distant from the gla 
candle is nearer to, or farther from 
^Where the rays meet, they form ai 
image of the flame of the candle. 

Janus. Why so 7 

Tutor. Because that is the point ' 
rays, if they are not stopped, cross ea 
to satisfy you on this head, I will ho 
point a sheet of paper, and you now se 
Qame of the candle is inverted. 

James. How is this explained ? 

Tutor. Let a b c (Plate ii. Fig. l: 
sent an arrow placed beyond the foci 
double convex lens d c /, some rays 
from every part of the arrow, and f; 
lens; but we shall consider only tho 
flow from the points a, b, and c. ' 
which come from a, as a d, a e, and 
be refracted by the lens, and meet in j 
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come from b, as b d^ b f , and b /, will 
in bf and those which come from c^ will 
in c. 

iries. I see clearly how the rays from b 
efractedy and unite in ( ; but it is not so 
int with regard to those from the extremi- 
k and c. 

utor» I admit it : but you must remember 

lifficulty consists in this^ the rays fall more 

quelj on the glass from those points than 

a the middle, and therefore the refraction is 

y different. The ray b c in the centre suffers 

refraction, Bd is refracted int6 b; and if 

ither ray went fh>m ir, as k d, it would be 

iracted to n, somewhere between b and a, and 

6 rays from a must^ for the same reason^ be 

fracted to a. 

James. If the subject a b c is brought nearer 
the glass, will the picture be removed to a 
water distance 7 

Tutor. It will : for then the rays will fall 
ore diverging upon the glass, and cannot be 
I soon collected into the corresponding points 
ihind it. 

Charles. From what you have said, I see that 
the object a b c be placed in f, the rays, af- 
r refk*action, will go out parallel to one an- 
her: and if brought nearer to the glass than 
then they will diverge from one another, so 
At in neither case an image will be formed 
thind the lens. 
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ames. To get an imager must the obje 
ond the focus f ? 

Tutor. It must : and the picture will b< 

r or less than the object, as its distance 

e glass is greater or less than the distai 
le object ; if a b c (Fig. 12) be the obj< 
A will be the picture ; and if c ( a be tl 
ecty ABC will be the picture. 

Charles. Is there any rule to find the difi 
of the picture from the glass ? 

Tutor. If you know the focal distance < 
glass, and the distance of the object froi 
glass, the rule is this : 

<< Multiply the distance of the focus, b 
distance of the object, and divide the pr 
by their difference, the quotient is the die 
of the picture." 

James. If the focal distance of the gU 
seven inches, and the object be nine inche 
the lens, I say, 
7x9 63 
-.—— as — meSli iuches, of course the 

will be very much larger than the objec 
as you have said, the picture is as muc 
or less than the object, as its distance 
glass is greater or less than tlie distar 
object. 

Tutor. If the focus be seven inche 
object at the distance of seventeen in 



I 
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flie distance of the picture will be found thus 
7x17 119 

——- ■■ — ■■ 12 inches nearly. 
1,0 10 
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mttges of Objects inyertcd— Of the Scioptric Ball— Of' 

Lenses and their FocL 

James. Will the image of a candle» when re- 
ceived through a convex lenSf be inverted ? 

Tutor. It willy as you shall see : Here is no 
light in this room but from the candle» the rays 
of which pass through a convex lens, and b]f 
holding a sheet of paper in a proper place, you 
will see a complete inverted image of the candle 
on it. 

An object seen through a very small aper- 
ture appears also inverted, but it is very im- 
perfect compared to an image formed with the 
lens ; it is faint for want of light, and it ii 
eanfUsed because tlie rays interfere with one 
another. 



44 OFTICI. 

Charles. What is the reason of its being in- 
verted ? 

Tutor. Because the rays from the extreme 
parts of the object must cross at the hole. If 
you look through a very small hole at any ob- 
ject^ the object appears magnified. Make a 
pin-hole in a sheet of brown paper, and look 
through it at the small print of this book. 

James. It is, indeed, very much magnified. 

Thitor. As an object approaches a convex 
lens, its image departs from it : and as the ob- 
ject recedes, its image advances. Make the 
experiment with a candle and a lens, property 
mounted in a long room : when you stand at 
one end of the room, and throw the image on 
the opposite wall, the image is large, but as 
you come nearer to the wall, the image is small, 
and the distance between the candle and glass 
is very much increased. 

I will now show you an instrument, called a 
Sdoptrie BaU, which is fastened into a window- 
shutter of a room from which all light is ex- 
cluded except what comes in through this glass. 

Charles. Of what does this instrument con- 
sist 7 

Tutor. Of a frame a b (Plate ii. Fig. 13.) 
and a ball of wood c, in which is a glass lens y 
and the ball moves easily in the frame in all 
directions, so that the view of any surrounding 
objects may be received through it. 
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James. Do you screw this frame into the 
•butter 7 

Tutor. Tes, a hole is cut in it for that pur- 
pose; and there are little brass screws belong- 
ing to it, such as those marked 8. When it is 
fixed in its place a screen must be set at a pro- 
per distance from the lens to re<:eive on it ima- 
ges of the objects out of doors. This instrument 
is sometimes called an artificial eye. 

Charles. In what resftct is it like the eye ? 

Tutor. The frame has been compared to the 
socket in which the eye moves, and the wooden 
ball to the whole globe of the eye ; the hole in 
the ball represents the pupil, the convex lens 
corresponds to the crystalline humour,* and the 
screen to the retina. 

James. The hall by turning in all directions 
is very like the eye, for without moving the 
head I can look on all sides, and upwards and 
downwards. 

Tutor. Well, we will now place the screen 
properly, and turn the ball to the garden : — 
Here you see all the objects perfectly expressed. 

James, But they are all inverted. 

Tutor. That is the great defect belonging to 
this instrument ; but I will tell you how it may 
be remedied : take a looking-glass and hold it 
before you with its face towards the picture on 
the sci'cen, and inclining a little downwards, 

* ThMe terms win bo cxpUiued UerMCRcv. 
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and the images will appear erect in the 
and even brighter than they were on the s 

Charles. Tou have shown us in what n 
the rays of light are refracted by conve 
sesy when those rays are parallel. Will 
not be a difference if the rays converge, 
^erge, before they enter the lens ? 

TtUor. Certainly : if rays converge 
they enter a convex ^s, they will be col 
at a point nearer to ve lens than the fc 
parallel rays. But if they diverge befoi 
enter the lens, they will then be collecte 
point beyond the focus of parallel rays. 

There are concave lenses as well as a 
and the refraction which takes place by 
of these differs from that which I have a 
explained. 

Charles. What will the effect of refr 
be, when parallel rays fall upon a doubl 
cave lens ? 

Tutor. Suppose the parallel rays a, b 
&c. (Plate II. Fig. 14.) pass through th 
A Bf they will diverge after they have ] 
through the glass. 

James. Is there any rule for ascertainii 
degree of divergency ? 

Tutor. Tes ; it will be precisely so mi 
if the rays had come from a radiant pc 
which is the centre of the concavity of the 

Charles. Is that point called the focus i 

Tutor. It is called the virtiial or imai 
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focus* Thus the ray a, after passing through 
the glass a b^ will go on in the direction g h, 
as if it bad come from the point Xf and no glass 
been in the way : the ray b^ would go on in the 
direction m n, and the ray e in the direction r 
s, and so on. The ray c x in the centre suffers 
no retraction^ but proceeds precisely as if no 
glass bad been in the way. 

James* Suppose the lens had been concave 
only on one side, and the other side had been 
flaty how would the rays have diverged ? 

Tutor. They would liave diverged after pass- 
ing through ity as if they had come from a ra- 
diant point at the distance of a whole diameter 
of the convexity of the lens. 

Charles. There is then a great similarity in 
the refraction of the convex and concave lens. 

JTutor. True: the /ocus of a double convex 
is at the distance of the radius of convexity, 
and so is the imaginary focus of the double con- 
cave: and the foetid of the plano-convex is at 
tbe distance of the diameter of the convexity, 
and so is the imaginary focus of the plano-con- 
cave. 

Tou will find that images formed by a con- 
cave lens, or those formed by a convex lens, 
where the object is within its principal focus, 
are in the same position with the objects they 
represent : they are also imaginary ^ for the re- 
fracted rays never meet at the foci whence they 
seem to diverge. 
F 
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But the images of objects placed beyond tM j 
focus of a convex kns are invertedf and reelt\ 
for the refracted rays do meet at their propelF 
foci. 
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Of the Natare and Advantages of Light — Of the Sepaw-' 
tion of the Rays of Light by means of a Priaiii-^And of 
compounded Rays, &c. ,^ 

Tutor. We cannot contemplate the nature of 
light without being struck with the great ad- 
vantages which we enjoy from it. Without that 
blessing our condition would be truly deplora- 
ble. 

Charles. I well remember how feelingly Mil- 
ton describes his situation after he lost his 
sight : 



-With tl\e year 



Seasons return; but not to me returns 
Day, or the sweet approach of ev*n or mom, 
Or ught of vernal bloom, or summer's rose. 
Or flocks, or herds, or human face divine { 
But cloud instead, and ever-during dark 
Sum>iinds me, from the cheerftd ways of men 
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Cut offy and for the book of knowledgfe fiur, 
^ Presented with an universal blank 
Of Nature's works, to me expun^d and raz'd. 
And wifldonn at one entrance, quite shut out. 

Tutor, Tet his situation was rendered com- 
Fortable by means of friends and relations, who 
all possessed the advantages of light. But if 
our world were deprived of light, what pleasure 
or even comfort could we enjoy ? « How/' says 
a good writer, << could we provide ourselves 
with food, and the other necessaries of life ? 
How could we transact the least business? How 
could we correspond' witii eacii other, or be of 
the least reciprocal service without light, and 
those admirable organs of the body, which the 
Omnipotent Creator has adapted to the percep- 
tion of this inestimable benefit ?" 

James. But you have told us that the light 
would be of comparatively small advantage 
without an atmosphere. 

Tutor. The atmosphere not only refracts the 
rays of the light, so that we enjoy longer days 
than we should without it, but occasions that 
twilight, which is so beneficial to our eyes; for 
without it the appearance and disappearance of 
the sun would have been instantaneous ; and in 
every twenty-four hours we should have expe- 
rienced a sudden transition from the brightest 
sun-shine to the most prof(»und darkness, and 
from thick darkness to a bhize of light. 

Charles. I know how painful that would be^ 
Vol. III.— E 
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from having slept in a very dark roomy 
having suddenly opened the shatters whei 
sun was shining extremely bright. 

Tutor. The atmosphere reflects also the 
in every direction, and if there were n 
mosphere, the sun would benefit those only 
looked towards it, and to those whose li 
were turned to that luminary it would a 
darkness. Ought we not therefore grate 
to acknowicdge the wisdom and goodnei 
the Creator, who has adapted these thin] 
the advantage of his creatures ; and ma; 
not with Ttiomson devoutly exclaim : 

How then shall I attempt to sing of Him 
Who, light himself, in unc^ated light 
Invested deep, dwells awfully retired 
From mortal eye, or angel's purer ken ; 
Whose single smile has, from the first of time, 
Fill'd, ovemowing, all yon lamps of heaven. 
That beam for evel* through the boundless sky : 
But, should He hide his face, th' astonish'd sun, 
And all the extinguirfh'd stars would loosening re< 
Wide from their spheres, and Chaos come agam.— 

James. I saw in some of your experin 
that the rays of light, after passing througl 
glass, were tinged with different colours, 
is the reason of this ? 

Tutor. Formerly light was supposed to 
simple and uncompounded body; Sir ] 
Newton, however, discovered that it was i 
simple substance^ but was composed of se^ 
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futSf eacli^of which, has a different degree of 
iBfrangibilily. 

Charles. How is that shown ? 

Tutor. Let the room be darkened, and let 
kere only be a very small hole in the shutter 

adroit iht son's rays ; instead of a lens 1 take 

1 triangular piece of glass, c^led a prism; now 
8 in this there is nothing to bring the rays to a 
icusy they will, in passing through it, suffer 
ifferent degrees of refraction, and be separated 
ito the different coloured rays, which being 
eceived on a sheet of white paper, will exhibit 
lie seven following colours : red, orange, yet- 
no f green, blue, indigo, and violet; and now, 
oo shall hear a poet's description of them. 



-Urst the flaming red 



Sprung vivid forth i the tawny orange next *. 
And next ddticious yellow ; b^ whose side 
FeU the kind beams of all-remstung green. 
Then the pure blue, that swells autumnal skies, 
Sthereal pujr'd ; and then, of sadder hue, 
Emerged the deepen'd indigo, as when 
The heavy skirted evening droops with frost, 
"While the last gleamines of refracted light 
J)y*d in the fidnting violet away. 

Thomson. 



James. Here are all the colours of the rain- 
iQW : the image on the paper is a sort of ob- 
ong. 

Tutor. That oblong image is usually called 
k spectrum, and if it be divided into 860 equal 



52 OPTICS. 

parts^ the red will occupy fortjr-fivi 
the orange twenty-seven, the yellow fc 
the green and the blue sixty each^ 
forty, and the violet eighty. 

Charles. The shade of difference i 
these colours seems very small indee<j 

Tutor. You are not the only perso 
made this observation ; some experin 
losophers say there are but three or 
truly distinct colours, viz. the red, f 
blue. 

Charles. What is called the orang 
only a mixture of red and yellow, bet\f 
it is situated. 

Tutor. In like manner the green is 
a mixture of the yellow and blue, ai 
let is but a fainter tinge of the indigi 

James. How is it then that light, i 
sists of different colours, is usuall 
white? 

Tutor. By mixing the several colo 
proportion white may be produced. 

James. Do you mean to say that 
of red, orange, yellow, green, blue, ii 
violet, in any proportion, will produce 

Tutor. If you divide a circular si 
360 parts, and then paint it in the ] 
just mentioned, that is, forty-five of 
red, twenty-seven orange, forty-eig 
&c. and turn it round with great vc! 
whole will appear of a dirty white, 

■JfJ 
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colours ^"ere more perfect the white would be 
io too. 

James. Was it then owing to the separation 
of the different rays^ that I saw the rainbow 
CQloars about the edges of the image made with 
the lens ? 

ThUor. It was : some of the rays were scat- 
tered, and not brought to a focuSf and these 
^ere divided in the course of refraction. And 
I may tell you now, though I shall not explain 
it at present, that the rainbow in the heavens is 
caused by the separation of the rays of light 
into their component parts. 

Charles. And was that the cause of the co- 
lors which we saw on some soap bubbles which 
James was making with a tobacco-pipe ? 

Tutor. It was. 



\ 



CONVERSATION IX. 



Of Colours. 



Charles. After what you said yesterday, I am 
at a loss to know the cause of different colours ; 
the cloth on this table is green ; that of which 

£ 2 
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my coat is made is blue, what makos the dif- 
ference in these ? Am 1 to believe the poety that 

Colours are but phantoms of the day. 
With that thejr're bom» with that they fiule away { 
like beauty's charms, they but amuse the nght. 
Dark in themselves, till by reflection bright { 
Witii the sun's aid, to rival him they boart. 
But light withdraw, in their own shisules are lost 



.1 ,• 



Tutor. All colours are supposed to exist mi 
ly in the light of luminous bodies, such as 
sun, a candle, &c. and that light falling inotsi^ 
santly upon diflfercnt bodies is separated iite 
its seven primitive colours, some of which 
absorbed, while others were reflected. 

James. Is it from the reflected rays that 
judge of the colour of objects ? 

Tutor, It has generally been thought 8o;,i 
thus the cloth on the table absorbs all the rays ; 
but the green, which it reflects to the eye ; but 
your coat is of a difibrent texture, and absorbs 
all but the blue rays. 

Charles, Why is paper and the snow white I 

Tutor. The whiteness of paper is occasioned 
by its reflecting the greatest part of all the rays 
that fall upon it. And every flake of snow be- 
ing an assemblage of frozen globules of water 
sticking together, reflects and refracts the light 
that falls upon it in all directions so as to mix 
it very intimately, and produce a white ima^ 
on the eye. 
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James* Does the whiteness of the sun's light 
arise from a mixture of all the primary co- 
lours? 

Ttiion It docst as may be easily pravcd by 
an experiment* for if any of the seven colours 
be intercepted at tiie lens« the image in a great 
measure loses its wltitencss. With the prism I 
will diiride the ray into its seven colours^* I 
will then take a convex lens in order to re-unite 
them into a single ray, which will exhibit a 
round image of a shining white ; but if only 
ftve or SIX of these rays be taken with the lensy 
it will produce a dusky white. 

CharUs. And yet to this white colour of the 
sun we are indebted for all the fine colours ex- 
hibited in nature : 

Fairest of beings ! first created light ! 

Prime'^cause of beauty ! for from thee alone. 

Hie sparkling gem, the vegetable race, 

The nobler wonds that live and breathe, their charms, 

The lovely hues peculiar to each tribe. 

From thy unfailing source of splendour draw. 

BCallst. 

Tutor. These are very appropriate lines, for 
without light the diamond would lose all its 
beauty. 

James. The diamond, I know, owes its bril- 
liancy to the power of reflecting almost all the 

* A figure will be given on this subject with explana* 
tions, Conversation XYHI. on the Bainbow. 
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rays of light that fall on it : bat are tj 
and animal tribes equally indebted to i1 

TiUar. What does the gardener do 1 
his endive and lettuces white ? 

Charles. He ties them up. 

Tutor. That is, he shuts out the lij 
by this means they become blanched, 
produce you a thousand instances to si 
only that the colour, but even the exis 
vegetables, depend upon light. Close 
trees have only leaves on the outside, 
the cedar in the garden. Look up th 
of a yew tree, and you will see that tl 
branches are almost, or altogether hi 
leaves. Gkiraniums and other green-hous 
turn their flowers to the light ; and p 
general, if doomed to darkness, soon sic 
die. 

James. There are some flowers, the ] 
which are, in different parts, of diffe 
lours, how do you account for this ? 

Tutor. The flower of the hearts-case i 
kind, and if examined with a good mic 
it will be found that tlie texture of the I 
yellow parts is very different. The te 
the leaves of th^ white and red rose is 
ferent. Clouds also which are so va 
their colours are undoubtedly more 
dense, as |(rell as being differently plac 
regard to the eye of the spectator 5 
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whole depend on the light of the sun for theii 
beauty, to which the poet refers :— 

But see» the fluah'd horizon flames intense 

With vivid red, in rich profusion stream'd 

O'er heaven's jpure arch. At once tlie clouds assume 

Tlieir eayest liveries i^ these with silvery beams 

Fring'd lovely ; splendid those in liquid gold : 

And apeak their sovereign's state. He comes, behold ! 

Fountain of light and colour, warmth and life ! 

Thekuigofgloiy! 

BLlllst. 

Charles. Are we to understand that all co 
lours depend on the reflection of the severa 
coloured rays of light ? 

Tutor. This seems to have been the opinio: 
of Sir Isaac Newton; but he concluded fron 
Various experiments on this subject, that ever; 
substance in nature, provided it be reduced t 
a proper degree of thinness, is transparent 
Many transpai*ent media reflect one colour, an 
transmit another : gold-leaf reflects the yellow 
but it transmits a sort of green colour by hold 
ing it u)) against a strong light. 

Mr. Delaval, a gentleman who a few year 

^since made many experiments to ascertain hoi 

colours arc produced, undertakes to show tlia 

they are exhibited by transmitted light alone 

and not by reflected light. 

James. I do not see how that can be the cas 
with bodies that are not transparent. 
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TfUar. He infers from his experimentsy Vi 
you may hereafter examine for yourselves^ 
the original fibres of all substances, when cl 
ed of heterogeneous matter, are perfectly w 
and that the rays of light are reflected 1 
these white particles through the colouring 
ter with which they are covered, and that 
colouring matter serves to intercept certain 
in their passage through it, while a free paa 
being left to others, they will exhibit, accor 
to these circumstances, different colours. — 
red colour of the shells of lobsters after boil 
he says, is only a superficial covering sp 
over the white calcareous earth, of which 
shells are composed, and may be removec 
scraping or filing. Before the applicatio; 
heat, it is so thick as to appear black, being 
thick to admit the passage of light to the g 
and back again. The case is the same ^ 
feathers, which owe their colours to a thin h 
of transparent matter on a white ground* 
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CONVERSATION X, 



Bcflected Light, and Plain iGrrors. 

Tutor. We now come to treat of a different 
[9pecies of glasses, viz. mirrors, or, as they are 
iioinetimes called, specula. 

James. A looking-glass is a mirror, is it not ? 

Tutor. Mirrors are made of glass, silvered 
cm one side ; they arc also made of highly po- 
lished metal. There are three kinds of mirrors, 
the plain, the convex, and the concave. 

Charles. Tou have shown us that in a look- 
ing-glass or plain mirror, ** The angle of re- 
flection is always equal to the angle of inci- 
dence."* 

Tutor. This rule is not only applicable to 
plain mirrors, but to those which are convex 
and concave also, as I shall show you to-mor- 
row. But I wish to make some observations 
first on plain mirrors. In the first place, if you 
wish to see the complete image of yourself in 
a plain mirror or looking-glass, it must he half 
as long as you are high. 

James. I should have imagined the glass 
must have been as long as I am high. 

* See p. 18. 
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Tutor. In looking at your image 
docs it not seem to be as far behind 
you stand before it. 

James, Yes : and if I move forwa 
wards, the image behind the glusa^ 
proach or recede. 

Tutor. Let a 6 (Plate ii. Fig. 
looking-glasH, and a the spectator, 

Sosite to ir. The ray fn>m his ey 
ected in the s»me line a a, but 
flowing from hiB font, in nrderto \}< 
eye, must be reflected by the line 6 
CharUs. So it will, for if a: 6 b 

Eendicular to the glass, the iucidoi 
z c b X, eifual to the reflected angi 

Tutor. And thei'efore the foot wi 
hind the glass at n along the line a 
that is the line in which the ray las( 
the eye. 

James. Is that part of the glass a 
cd by tlie lines a b and a d, eque 
half the length of b d, »r a c? 

Tutor. It is ; a a b iuid a b d 
posed to form two triangles, the sit 
always bear a fixed jiropoi-tiini to <i 
and if A B is double nl' a a, as, in II 
B D will be double oi' a b, iir at liiist 
of the glass interreiitfd bv A u and 

CImrtes. This will hold true, I ; 
what distance wc please from the f^\ 

Tutor. If you walk towards a lo 
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jTour image will approach^ but with a double 
velocity, because the two motions are equal and 
:^ontrary. But if, while you stand before a 
looking-glassy your brother walk up to you from 
behind, his image will appear to you to move 
at the same rate as he wsdks, but to him the 
velocity of the image will appear to be double ; 
for with regard to you^ there will be but one 
motion, but with regard to him, there will be 
two equal and contrary ones* 

James. If I look at the reflection of a candle 
in a looking-glass, I see in fact two images, one 
much fainter than the other, what is the reason 
of this ? 

Tutor. The same may be obsen^ed of any 
[object that is strongly illuminated, and the rea- 
UoN of the double image is, that a part of the 
niiys are immediately reflected from the upper 
surface of the glass which form the faint image, 
while the greater part of them are reflected 
from the farther surface, or silvering part, and 
form the vivid image. To see these two images 
you must stand a little sideways, and not di- 
rectly before the glass. 

Charles. What is meant by the expression of 
<< An image being formed behind a reflector?'' 

Tii^or. It is intended to denote that the re- 
flected rays come to the eye with the same in- 
clination as if the object itself were actually 
behind the reflector. If you, standing on one 
side of the room, see the image of your brotlier, 
Vol. III.— F 
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who is on tlie other side^ in the looking-glasSi 
the image seems to be formed behind the glasfli 
that is, the rays come to your eye precisely in 
the same way as they would if your brother 
himself stood in that place^ without tlie inter- 
vention of a glass. 

James. But the image in the glass is not so 
bright or vivid as the object. 

Tutor. A plain mirror is in theory supposed 
to reflect all the light which falls u])Oii it^ bul 
in practice nearly half the light is lost on ac- 
count of the inaccuracy of the polish, &c. 

Charles. Has it not been said, that Archi- 
medes, at the siege of Syracuse, burnrd tbf 
ships of Marcellusy by a machine composed ol 
mirrors ? 

Tutor. Yes: but we have no certain accoanti 
that may be implicitly relied on. Mr. Buffoiti 
about fifty or sixty years ago, burned a plan! 
at the distance of seventy feet, with forty plaii 
mirrors. 

James. I do not see how they can act as bum 
ing glasses. 

Tutor. A plain mirror reflects the light am 
heat coming from the sun, and will illuminati 
and heat any substance on which they ar 
thrown, in the same manner as if the sun shoni 
upon it. Two mirrors will reflect on it a doubl 
quantity of heat ; and if 40 or 100 mirrors couh 
be so placed as to reflect from each the hea 



QF OONCATE HIBB0K8. 63 

Booiuii; from the suii» or any particular sub- 

Fthey would increase the heat 40 or 100 



CONVERSATION XL 



of Concftve Mirrors — ^their Use»— how they act 

James. To what uses are concave mirrors 
q^pUed? 

Tutor. They are chiefly used in reflecting 
telescopes; that is^ in telescopes adapted to 
viewing the heavenly bodies. And as you like 
to look at Jupiter's little moons^ and Saturn's 
Tingy through my telescope^ it may be worth 
your while to take some pains to know by what 
means tliis pleasure is afforded you. 

Charles. I shall not object to any attention 
necessary to comprehend the principles on 
which tiiese instruments are formed. 

Tutor. AB (Plate ii. Fig. 16.) represents a 
concave mirror^ and a, h, c, d^ e,/^ three parallel 
rays of light falling upon it. c is the centi'e of 
concavity, that is, one leg of your compasses 
being placed on c, and then open them to the 
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length c df and tiie other leg will touch the 
mirror a b in all its parts. 

James. Then all the lines drawn from o to 
the glass will be equal to one another, as c 69 
c dy and cf? 

Tutor. They will : and there is another pro- 
perty belonging to them ; they are all perpendi- 
cular to the glass, in the partis where they 
touch. 

Charles. That is c & and c / are perpendica- 
lar to the glass at b and /, as well as c d at iL 

Tutor. Tes, they are: — c d is an ineUtnt 
ray, but as it passes through the centre of con- 
cavity, it will be reflected back in the same 
line, that is, as it makes no angle of incidencot 
jso there will be no angle of reflection : a 6 is tA 
incident ray, and I want to know what will be 
the direction of the reflected ray ? 

Cliarles. Since c & is perpendicular to the 
glass at b, the angle of incidence is a 6 c ; and 
as the angle of r^ection is always equal to the 
angle of incidence, I must make another angle, 
as c 6 m, equal to a 6 c,* and then the line ft m 
is that in whicli the incident ray will move af- 
ter reflation. 

* To make an angle cbm, equal to another given one, 
as a 6 c. From 6 as a centre with any radius b x^ describe 
tlie arc x Oy which will cut cb in z, take the distance x x 
in your compasses, and set ofT with it z o, and then draw 
the line 6 e m, and the angle m 6 c is equal te the an * 
a b e. 
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Tutor. Can you, James, tell me how to find 
the line in which the incident ray e/will move 
ifter reflection ? 

James. Tea : I will make the angle c f m 
equal to c / f , and the line/ m will be that in 
which the reflected ray will move ; therefore ef 
is reflected to the same point m as a b was. 

Tutor* It, instead of two incident rays, any 
Bomber were drawn parallel to c d, they would 
erery one be reflected to the same point m; and 
tiiat point which is called the focus of paraUd 
mgs 18 distant from the mirror equal to half the 
radius c d. 

. James. Then we may easily find the point, 
without the trouble of drawing the angles, mere- 
ly by dividing the radius of concavity into two 
equal parts. 

Tutor. You may. — ^The rays, as we have al- 
ready observed, which proceed from any point 
of a celestial object, may be esteemed parallel at 
the earth, and therefore the image of that point 
will be formed at m. 

Charles. Do you mean that all the rays flow- 
ing from a point of a star, and falling upon 
such a mirror, will be reflected to the point m, 
where the image of the star will appear ? 

Tutor. I do, if there be any thing at the point 
my to receive the image. 

James. Will not the same rule hold with re- 
gard to terrestrial objects ? 

Tutor. No : for the rays which proceod {c^^ 
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any terrestrial object» however i^emote, cannot 
be esteemed strictly parallel^ they therefore) 
come diverging ; and will not be converged t0 
a single jpoint» at tlie distance of half the radios 
of the mirror's concavity from the reflecting sur- 
face ; but in separate pointSf. at a little greater 
distance from the mirror than half the radius. 

Ctiarles. Can you explain this by a figure 7 

Tutor. I will endeavour to do so. Let A B 
(Plate II. Fig. 17.) be a concave mirror^ and 
M £ any remote object, from every part of wtuch 
rays will proceed to every point of the mirror; 
that isy from the.poiht m rays will flow to every 
point of the mirror, and so they will from E| 
and from every {mint between these extremities. 
Let us see where the rays that proceed from ii 
to A, c, and b will be reflected, or, in oUiei 
words, where the image of the point m will be 
formed. 

James, Will all the rays that proceed from 
M, to different parts of the glass, be reflected to 
a single point ? 

Tutor. Yes, they will, and the difficulty is to 
find that point : I will take only three rays, tc 
prevent confusion, viz. m a, m c, m b ; and c ii 
the centre of concavity of the glass. 

Charles. Then if I draw c a, that line will b( 
perpendicular to the glass at the point a: tbi 
angle m a c is now given^ and it is the angle o 
incidence. 
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James. And jou must make another equal to 
itf as yoQ did before. 

Tnior. Very well ; make c a x equal to m a 
Cp and extend the line a a; to any length yoa 
please* 

Now you have an angle if c c made with the 
ray 'M c^ and the perpendicular c c, which is 
another anf^le of incidence. 

CharUi. I will make the angle of reflection 
e ^ equal to it, and the line e » being pro- 
iucedf cuts the line a x in a particular pointy 
which I will call m. 

Tutor. Draw now the perpepdicular c b, and 
you have with it, and the ray m b^ the angle of 
incidence m b c : make another angle equal to 
iU as its angle of inflection. 

James. There it is o b t»» and I find the line 
B u meets the other lines at the point m» 

Tutor. Then m is the point in wliich all the 
reflected rays of m will converge ; of course the 
image of the extremity M of the arrow £ m will 
be formed at in. Now the same might be shown 
of every other part of the object m e, the image 
of which will be represented by e niy which you 
see is at a greater distance from the glass than 
half c Cy or radius. 

Charles. The image is inverted sA&o, and less 
than the object. 
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CONVERSATION XIL 



Of Concave Mirrors, and Experiments on them. 

Tutor. If you understand what we cbnversed 
on yesterday^ and .what you have yourselves 
done, you will easily see how the image is form- 
ed by the large concave mirror of the reflecting 
telescope, when we come to examine the con- 
struction of that instrument. In a concave 
mirror, the image is less than the object, when 
the object is more I'emote from the mirror than 
Cy the centre of concavity, and in that case the 
image is between the object and mirror. 

James. Suppose the object be placed in the 
centre c. 

Tutor. Then the image and object will coin- 
cide : and if the object is placed nearer to the 
glass than the centre c, then the image will be 
more remote, and bigger than the object. 

Charles. 1 should like to see this illustrated 
by an experiment. 

Tutor. Well here is a large concave mirror: 
place yourself before it, beyond the centre of 
the concavity ; and with a little care in adjust- 
ing your position, you will see an inverted 
image of yourst^lf in the air between you and 
the mirror^ and of a less size than you are* 
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When %you see the image, extend your 
gently towards the i^lass, and the hand q 
image will advance to meet it, till they 
meet in the centre of the glass's coiiravit} 
you carry your hand still farther* the ha 
the image will pass by it, and come betw< 
and the body : now move your hand to < 
aide, and the image of it will move towart 
other. 

James. Is there any rule for finding th^ 
tance at which the imago of an object is fc 
from the mirror? 

Tutor. If you know the radius of the mil 
eoficavity, and also the distance of. the ( 
from the glass, 

<< Multiply the distance and radius togi 
and divide the product by double the dia 
tk^ less by the radius, and the quotient is th 
tance requii*ed.'* 

Tell me at what distance the image of a 
ject will be, suppose the radius of the cone 
of the mirror be 12 inches, and the object 
18 inches from it. 

James. I multiply 18 by 12, which is eq 
S16; this I divide by double 18 or 36 Ic 
IS, that is 24; but 216 divided by 24 gi 
which is the number of inches required. 

I. Tutor. You may vary this example, in 
to impress the rule on your memory ; and 
show you another experiment. I take thi 
tie partly full of water, and corked, and 
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it opposite the concave mirrorf and beyond th< 
focuSf that it may appear to be reversed : noi 
stand a little farther distant than the bottle, an^ 
you will see the bottle inverted in the air, am 
the water which is in the lower part of the bot 
tie will appear to be in the upper. — I will inver 
the bottle, and uncork it, and whilst the water ii 
running out, the image will appear to be filling 
but when the bottle is empty, the illusion is a 
an end. 

Charles. Are concave mirrors ever used a 
burning-glasses ? 

Tutor. Since it is the property of these mir 
Tors to cause parallel rays to converge to a fo 
cus, and since the rays of the sun are consider 
ed as parallel, they are very useful as burning 
glasses, and the principal focus is the buminj 
point. 

James. Is the image formed by a concavi 
mirror always before it ? 

Tutor. In all cases, except when the object i 
nearer to the mirror than the principal focus. 

Charles. Is the image then behind the mir 
ror? 

Tutor. It is ; and farther behind the mirroi 
than the object is before it. Let a c (Plate iii 
Fig. 18.) be a mirror, and x z the object be 
twcen the centre k of the glass, and the glasi 
itself; and the iniaj^e x- y z will be behind tlu 
glass erect, curved, and magnified, and o 
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course the image is. farther behind the glass 
than the object is before it. 

James. What would be the effect, if, instead 
of an opaque object a? z, a luminous one, as a 
candle, were placed in the focus of a concave 
mirror? 

. Tutor. It would strongly illuminate a space 
of the same dimension as th£ mirror to a great 
distance: and if the candle were still nearer the 
mirror than the focus, its rays will enlighten a 
larger space. Hence you may understand the 
construction of many of the lamps which are 
now to be seen in many parts of London, and 
which are undoubtedly a great improvement in 
lighting the streets. 

f- 
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Of Concave and Convex Mirrors. 

Tutor. We shall devote another morning or 
two to the subject of reflection from mirrors of 
different kinds. 

Charles, Tou have not said any thing about 
convex mirrors, and yet they are now very 
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mach in fashion in handsome drawing-rooms: 
I have seen several, and always observed that 
the image was very much less than the object 

Tutor. A convex mirror is an ornamental 
piece of furniture, especially if it can be placed 
before a window, either with a good prospec|p 
or where there are a number of persons passing 
and repassing in their different employmentSt 
The images i*eflected from these are smaller 
than the objects, erect, and behind the surfaccy 
therefore a landscape or a busy scene delineated 
on one of them, is always a beautiful object to 
the eye. For the same reason, a glass of this 
kind, in a room in which large assemblies meetf 
forms an extremely interesting picture. You 
may easily conceive how the convex mirror di- ^ 
minibhes objects, or the images of objects, by^ 
considering in what manner they are magnified 
by the concave mirror. l{ x y % (F>g- 1 B.) 
were a straight object before a convex mirror 
A c, the image by reflection would be x ». 

James. Would it not appear curved ? 

Tutor. Certainly: for if the object be a right 
line, or a plain surface, its image must be curv- 
ed, because the different points of the object are 
not equally distant from the reflector. In fact, 
the imagi^s formed by convex mirrors, if accu- 
rately compared with tlie objects, are never ex- 
actly of the satnc shape. 

CkaHcs. I do not quite comprehend in what 
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manner I'eflection takes place at a convex mir- 
ror. 

Tutor. I will endeavour, by a figure, to make 
it plain : c d (Plate iii. Fig. 19.) represents a 
convex mirror standing at the end of a room^ 
before which the arrow a b is placed on one 
Bide, or obliquely: where must the spectator 
stand, to see the reflected image ? 

Charles^ On the other side of the room. 

Tutor. The eye e will represent that situa- 
tion : — ^the rays from the external parts of the 
arrow, a and b, flow convcrgingly along a a 
and B ft, and if no glass were in the way, they 
would meet at p; but the glass reflects the ray 
A a along a e, Imd the ray b b along b £ ; and 
I as we always transfer the image of an object in 
[that diiTction in which the rays approach the 
eye, we see the image of a along the line e a 
behind the glass, and the itnage of u along e^, 
and, of course, the image of the whole arrow 
is at 8. 

By means of a similar diagram, I will show 
you tooi*e clearly the principle of the concave 
mirror. Suppose an object e (Plate iii. Fig. 
20.) to be beyond the focus f, and the spectator 
to stand at tz, the rays e b and ed are reflected, 
and where they meet in e the spectator will see 
the image. 

James. That is between bimself and tbe ob- 
ject. 

Tutor. He must, however, be far enough 
Vol. Ill— G 
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CONVERSATION XIV. 



Of Convex Reflection — Of Optical Delusions— Of Ana- 

moi'phoses. 

Charles. You cannot* I sec^ make the saip 
experiment with tlic candley and a convex mir 
ror, that you nuule yesterday with the concaTi 
one. 

Tutor. Certainly, because the im^gc is form 
ed behind the glass : but it may, perhaps, b 
worth our while to consider how the effect.] 
produced in a mirror of this kind. Let a 
(Plate III. Fig. 22.) represent a convex mirroi 
and a/ be half the radius of convexity, an 
take A F, F o, o By &c. each equal a/. If inci 
dent rays flow from 2» the reflected rays wil 
appear to come from behind the (^lass at 4. 

James. Do you mean if a candle be placed fl 
2, the image of it will appear to be formed at 
behind the glass ? 

Tutor. I do: and if that, or any otlicr objecj 
be carried to S, 4, he. the image will also g 
backward to ^-, i, ^:c. 

Charles. Then, as a ])erson walks towards i 
convex spherical reflector, tlic image ap]>ear 
to walk towards him, constantly iticreasing ii 
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■agnitude, till they touch each other at the 
surface. 

Ttttor. Too will observe that the image, how- 
erer distant the object, is never farther off than 
at/; that is^ the imaginary focus of parallel 
nys. 

Jamu. The difference then between convex 
and concave reflectors is, that the point/ in the 
/vmer is behind the glass, and in the laittr it is 
kefore the ^aas at f. 

Ti^or. Just so : from the property of dimi- 
liahing objects, spherical reflectors are not only 
fleasing ornaments for our best rooms, but are 
Bach used by all lovers of picturesque scenery. 
<■ Small convex reflectors," says Dr. Gregory, 
<'tre made for the use of travellers* who, when 
Iktigued by stretching the eye to Alps towering 
on Alps, can, by their mirror, bring these sub- 
lime objects into a narrow compass, and gratify 
tlw sight by pictures which the art of man in 
Tain attempts to imitate."* 

Concave mirrors have been used for many 
other and different purposes ; for by them, with 
a little ingenuity, a thousand illusions may bo 
]iractised on the ignorant and credulous. 

Charles. I remember going with you to see 
an exhibition in Bond street, which you said 
ilqiended on a concave mirror ; I was desired 
to look into a glass, I did so, and started back, 

* See Economy of Nature Vol L p. 26^ 3d Edition. 

g2 
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for I thouglit the point of a dagger would bifW 
been in my face. I looked again^ and a deatMli 
head snapped at me ; and then I saw a moriP 
beautiful nospgaj, which I wished to graspy brfb 
it vanished in an instant. *c 

Tutor. I will explain how these deceptknM 
are managed : let e f (Plate in. Fig. 2S,) be» 
concave mirror, 10 or 12 inches in diameteqF 
placed in one room ; a b the wainscot that se* 
parates the spectator from it ; but in this therif 
is a square or circular opening which faces tiw 
mirror exactly. A nosegay* for instance* is UH- 
verted at c, which must be strongly illuminatrit 
by means of an Argand's lamp ; but no direct 
light from the lamp is to fall on the mirrofr 
Now a person standing at g will see an image 
of the novsegay at d. 

James, Wiiat is to make it vanish ? 

Tutor. In exhibitions of this kind there is al- 
ways a person behind the wainscot, in league 
with the man that attends the spectator, who 
removes the real nosegay upon some hint un- 
derstood between them. 

Cluirles. Was it then upon the man behind 
the scene that the approaching swoi*d and the 
advancing death's head, &c. depended ? 

Tutor. It was: and persons have undertaken, 
to exhibit the ghosts of the dead by contri- 
▼ances of this kind : for if a drawing of the de- 
ceased be placed instead of the nosegay, it may 
be done. But such exhibitions are not to be re- 
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commended^ and indeed ought never to be prac- 
tisedy without explaining the whole process to 
the astonished spectator afterwards. 

If a large concave mirror be placed before a 
bhzing fire so as to reflect the image of the fii*e 
on the flap of a bright mahogany table, a spec- 
tator suddenly introduced in the room will sup- 
pose the fire to be on the table. 

If two large concave mirrors a and b (Plate 
nr. Fig. 24.) be placed opposite each other, at 
the distance of several feet, and red hot char- 
coal be put in the focus D, and some gunpowder 
in the other focus c, it will presently -take fire. 
The use of a pair of bellows may be necessary 
to make the charcoal burn strongly. — 
■ This experiment may be varied by placing a 
thermometer in one focus, and lighted charcoal 
in the other, and it will be seen that the quick- 
^ silver in the thermometer will rise as the fire 
inereases, though another thermometer at the 
same distance from the fire, but not in the focus 
of the glass, will not be affected by it. 

James* I have seen concave glasses in which 
my face has been i*endered as long as my arm, 
or as broad as my body ; how are these made ? 

Tutor* These images are called anamorpIiO' 
les, and are produced from cylindrical concave 
liirrora ; and as the mirror is placed either up- 
rigM^ or on its side, the image of the picture is 
distorted into a very long or a very broad image. 

Reflecting surfaices may be made of various 
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shapes^ and if a re^Iar figure be placi 
an irregular reflector, the image iril 
formed, but if an object, as a picture, b< 
deformed, according to certain rules, t 
will appear regular. Such figures and i 
are sold by opticians, and they serve to 
those who are ignorant of these subjec 
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Of the difierent Parts of the Eye. 

Charks. Will you now describe th 
and construction of the telescope ? 

Tutor. I think it will be better fii 
plain the several parts of the eye, and 
ture of vision in the simple state, b( 
treat of those instruments which are 
\jS\ to assist it. 

i^ i James. I once saw a bullock's eye d 

and was told that it imitated a human c 
several parts. 

Tutor. The eye, when taken from th 
is of a globular form> and it is composed 
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(Mts or skins, and three other substances call- 
ed humours. This figure (Plate iii. Fig. 25.) 
represents the section of an eye, that is, an eve 
tut down the middle; and Fig. 26, the front 
view of an eye as it appears in the head. 

Charles* Have these coats and humours all 
different names ? 

Tutor. Yes : the external coat, which is re- 
presented by the outer circle a n c d k, is call- 
ed the sclerotica; the front part of this, namely, 
xxDf is perfectly transparent, and is called 
tlie cornea; beyond this, towards n and e, it is 
vhite, and called the white of the eye. The 
neit coat, which is represented by the second 
circle, is ca11e,d the clwroidcs. 
James. This circle does not go all round. 
Tutor. No : the vacant space ab in that wliicli 
we call the pupil, and through this alone the 
light is allowed to eiilcr the eye. 

Charles. What do you call that part, which 
is of a beautiful blue in some perscms, as in 
cousin Lydia ; and in others brown, or almost 
black ? 

Tutor. That, as a c, b e* is part of the cho- 
roidest and is called the iris. 

Cluirles. The iris is sometimes much larger 
than it is at another. 

Tiutor. It is com|K)sed of a soi-t of net-work, 
which contracts or expands according to the 
force of the light in which it. is placed. Let 
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James stand in a dark corner for two or three 
minutes: — now look at his eyes. 

Charles. The iris of each is very smalU and 
the pupil large. 

Tutor. Now let him look steadily, rather close 
to the candle. 

Charles. The iris is considerably enlarged» 
and the pupil of tlie eye is but a small point iji 
comparison of what it was before. 

Tutor. Did you never feel uneasy after sit- 
tin.s^ some time in the dark, when candles were 
suddenly brought into the room ? 

James. Yes : 1 remember last Friday even- 
ing we had been sitting half an hour almost in 
the dark at Mr. W— *s, and when candles 
were introduced, every one of the company 
complained of the pain which the sudden light 
occasioned. 

Tutor. By sitting so long in the dark, the 
iris was contracted very much, of course the 
pupil being large, more light was admitted than 
it could well bear, and therefore till time was 
allowed for the iris to adjust itself, the uneasi- 
ness would be felt. 

Charles. What do you call the third coat, 
which, from the figure, appears to be still less 
than the choroides ? 

Tutor. It is called the retina^ or net-work, 
which serves to receive the images of objects 
produced by the refraction of the different hu- 
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moiirs of the eye, and painted, as it were, on 
the surface. 

Charles* Are the humours of the eye intend- 
ed for refracting the rays of liglit, in the same 
manner as glass lenses ? 

Tutor. They ai*e ; and they are called the 
vitreous, the crystallinef and the aqueous hu- 
mours. The vitreaus humour fills up all tho 
space z z, at the back of the eye ; it is nearly 
of the substance of melted glass. The crystal' 
Hne is represented by df, in the shape of a 
double convex lens : and the aqueous^ or watery 
humour^ fills up all that part of the eye between 
the crystalline humour, and the cornea c a: d. 

James. What does the part a at the back of 
the eye represent ? 

Tutor. It is the optic nerve, which serves to 
convey to the brain the sensations produced on 
the retina. 

Charles. Docs the retina extend to the brain I 

Tutor. It does : and we shall, when we meet 
next, endeavour to explain the office of these 
humours in effecting vision. In the meantime, 
I wiMiId i-equest you to consider again what I 
have told you of the different parts of the eye ; 
ind examine, at the same time^ both figures ; 
viz. £5 and 26. 

James. We will : but yoa have said nothing 
about the uses of the eye-brows and eye-lashes. 

Tutor. I intended to have reserved this to an- 
other opportunity: but I may now say^ that the 
F 
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eye-browH defend the eye from too stro 
light; and they prevent the eyes from inj 
by the sliding of substances down the for< 
into them. 

The eye-lids act like curtains to cove 
protect the eyes during sleep: when w 
awake, they diffuse a fluid over the eye, i 
Itcepsit clean* and well adapted fortransm 
the rays of light. 

The eye-lashes, in a thousand instances, j 
the eye from danger, and protect it from 
ing dusti with which the atmosphei*e abou 
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Of the Eye, and the Manner of N'islon. 

Charles, I do not understand wliat yon i 
when you said the optic nerve served to n 
to the brain the sensations produced on tl 
tina. 

Tutor. Nor do I pretend to tell you in 
manner the image of any object painted o 
retina of the eye is calculated to convey 1 
mind an idea of that object: but I wish to 
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at the images of the various objects which 
)» are painted on the retina. Here is a 
:'s eye, from the back part of which I cut 
he three coats* but so as to leave the vi- 
humour perfect : I will now put against 
reous humour a piece of white paper, and 
le eye towards the window ^ what do you 

es. The figure of the window is drawn 
fie paper ; but it is inverted. 
\r. Open the window, and you will see 
^cs in the garden drawn upon it in the 
nverted state, or any other bright object 
presented to it. 

^ies. Does the paper, in this instance, re- 
t the innermost coat called the retina ? 
jVm It does ; and I have made use of pa- 
cause it is easily seen through, whereas 
:ina is opaque ; transparency would be of 
antage to it. The retina, by means of 
tic nerve, is conveyed to the brain, or, in 
^ords, the optic nerve is an extension of 
:ina. 

es. And does it carry the news of every 
that is painted on the retina ? 
or. So it should seem ; for we liave an 
r whatever is di-awn upon it. I direct my 
) you, and the image of your pei*son is 
1 on the retina of my eye, and 1 say I see 
)0 of any thing else. 
rles. You said the rays of light procced- 

OL. III.— H 
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ing from external objects were refracte> 
passing through the different humours of th( 

Tutor. They are, and converged to a j 
or there would be no distinct picture dravk 
the retitia, and of course no distinct idea 
veyed to the mind. I will show you wl 
mean by a figure, taking an arrow again i 
illustration. 

As every point of an object a b c (Plat 
Fig. 27.) sends out rays in all directions, i 
rays from each point on the side next the 
will fall upon the cornea between x y, an 
passing tlirough the humours of the eye 
will he converged and brought to as i 
points on the retina, and will form on it a 
tinct inverted picture c 6 a of the object. 

James. This is done in the same manni 
you showed us by means of a double co 
lens. 

Tutor. All three of the humours have i 
effect in refracting the rays of light, bul 
crystalline is the most powerful, and that 
complete double convex lens: and you set 
rays from a are brought to a point at a; 1 
from B will be converged at 6, and those 
c at Cf and, of course, the intermediate one 
tween a and b, b and c will be formed bet 
a and 6, and b and c. Hence the object bec< 
visible by means of the image of it being di 
on the retina. 

Charles, Since the image is inverted o 
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ttina^ how is it that we see thir^ in the pro- 
wr position ? 

Tutor, This is a proper question, but one 
liat is not very readily answered. It is well 
Known that the sense of touch or feeling very 
Duch assists the sense of sight ; some paintings 
iraso exquisitely finished, and so much resem- 
ile sculpture, that the eye is completely deceiv- 
id, we then naturally extend the hand to aid 
ke sense of seeing. Children who have to learn 
be use of all their senses, make use of their 
ands in every thing; they see nothing which 
ley do not wish to handle, and therefore it is 
ot improbable, that by the sense of the touch, 
ley learn, unawares, to rectify that of seeing. 
'he image of a chair, or table, or other object, 
painted in an inverted position on the retina ; 
ley feel and handle it, and find it erect ; the 
ime result perpetually recurs, so that, at length, 
ug before they can reason on the subject, or 
^n describe their feelings by speech, the in- 
trted image gives them an idea of an erect 
gect. 

Charles. I can easily conceive that this would 
s the case with common objects, such as arc 
ten every day and hour. But will there be no 
fficulty in supposing that the same must hap- 
m with regard to any thing which I had never 
)en before ? I never saw ships sailing on the 
^ till within this month ; but when I first saw 
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theniy tliey did not appear to me in an inve 
position. 

Tutor* But you have seen water and lane 
fore, and tbey appear to you, by habit and 
perience, to be lowermost, though they 
painted on the eye in a different position : 
the bottom of the ship is next the water, 
consequently, as you refer the water to the 
tom» so you must the hull of the shipt whic 
connected with it. In the same manner, all 
parts of a distant prospect are right witl 
spect to each other ; and therefore, though t 
may be a hundred objects in the landscape 
tirely new to you, yet as they all bear a rels 
to one another, and to the earth on w 
they are, you refer them, by experience, t 
erect position. 

James. How is it that in so small a spac 
the retina of the eye, the images of so n 
objects can be formed ? 

Tutor. Dr. Paley* tells us, « The proj 
from Hampstead Hill is compressed into 
compass of a sixpence, yet circumstantially 
presented. A stage coach, travelling a 
ordinary rate, for half an liour, passes ir 
eye only over the twelfth part of an inch. 



* See Palcy's Natural Theology, p. 35, seventh ed 
^r p. 13. in the Analysis of tliat work bi/ the Author of 
Dialogues. 
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the change of place is distinctly perceived 
throagboat its whole progress.'' Now what he 
Merts we all know is true : go to the window, 
ttd look steadily at the prospect before you, 
lid see how many objects you can discern with- 
OBt moving your eye. 

Jamt9. 1 can see a great number very dis- 
tinctly indeedf besides which I ran discern 
others, on both sides, which are not clearly de- 
hed. 

CharUtm I have another difficulty i we have 
Wo eyes, on both of which the images of objects 
re painted ; how is it that we do not see every 
kject double ? 

Thdor. When an object is seen distinctly with 
oth eyes, the axts of them are directed to it, 
nd the object appears single; for the optic 
lerves are so framed, that the correspondent 
arts, in both eyes, lead to the same place in 
he brain, and excite but one sensation. But if 
he axes of both eyes are not directed to the 
•bject, that object seems double. 

James, How does that appear ? 

Tutor* Look at your brother, while I push 
rour right eye oilt of its place towards the left. 

James. I see two brothers, the one receding 
the left hand of the other. 

l^tor. The reason is this ; by pushing the 
lye out of its natural place, the pictures in the 
wo eyes do not fall upon correspondent parts 

H 2 
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retinaf and thererore the senBations 
eye are excited in different parts ,,<] 
J. 



CONVERSATION XVIL 



of spectacles, and of their Uses. 

Charks. Vfhy do people wear spectacle 

Tutor. To assist the sight, which may \ 
fective from various causes. Some eyes a 
flat, others are too convex: in some tl 
mours lose a part of their transparency, r 
that account, a deal of light tliat enters 
is stopt and lost in tlie passage, and ev 
ject appears dim. The eye, withou 
would be a useless machine. Spcct? 
intended to collect the light, or to brir 
proper degree of convergency. 

Ctiarles. Arc spectacle-glasses alwa; 

Tutor. No ; they are convex wlie 
are too flat; but if the eyes are air 
convex, then concave glasses are 
know the proi>crtics of a convex glsr 
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Jam^s. Yes ; it is to make the rays of light 
converge sooner than they would without. 

TutoTm Suppose then a person is unable to see 
objects distinctly, owing to the cornea c d 
(Plate IT. Fig 28.) or to the crystalline a b, or 
bothy being too flat. The focus of rays pro- 
ceeding from any object, Xf will not be on the 
vetina, where it ought to be, but at » beyond it. 

Charles. How can it be beyond the eye ? 

Tutor. It would be beyond it, if there were 
any thing to receive it ; as it is, the rays flow- 
ing from X9 will not unite at d, so as to render 
; Tision distinct. To remedy this, a convex glass 
Ha 11 is placed between the objc^ct and the eye, 
\j means of which the rays are braught to a 
facus sooner, and the image is formed at d. 
- James. Now I see the reason why people are 
oUiged, sometimes, to make trial of many pairs 
•f spectacles, before they get those that will suit 
them. They cannot tell exactly what degree of 
convexity is necessary to bring the focus just 
to the retina. 

Tutor. That is right ; for the shape of the eye 
may vary as much as that of their countenance ; 
of course, a pair of spectacles that might suit 
you, would. not be adapted to another, whose 
eyes should require a similar aid. — What is the 
pi«iperty of concave glasses ? 

Charles. They cause the rays of light to di- 
verge. 

Tutor. Then for very round and globular 
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eyes^ these will be useful, because if tt 
c J}, or crystalline a b (Plate it. Fig 
too convex, ^the rays flowing from r ^ 
into a focus before they arrive at the i 
at C6. 

Charles. If the sight then depend i 
tions produced on the retina» such a pe 
not see the object at all, because the in 
does not reach the retina. 

Tutor. True : but at % the rays c 
another, and pass on to the retina, wl 
will produce some sensations, but not 
distinct vision, because they are not bi 
a focus there. To remedy this, the 
glass m n is interposed between the ol 
the eye, which causes the rays comin 
eye to diverge; and being more diverge 
they enter the eye, it requires a ver, 
cornea or crystalline to bring them t 
at the retina. 

James. I have seen old people, when 
ing an object, hold it a good distance fi 
eyes. 

Tutor. Because their eyes being too 
focus is thrown beyond the eye, and 1 
they hold the object at a distance, to I 
focus C6 (Fig. 28.) to the retina. 

Charles. Very short-sighted people I 
jects close to their eyes. 

Tutor. Yes, I once knew a young i 
was apt^ in looking at bis paper, to rub 
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what he had written with his pen* In 
Ase* bringing the object near the eye pro- 
a similar effect to that produced by con- 
glasses : because the nearer the object is 
;bt to the eyey the greater is the angle un- 
bicb it is seen ; that isy the extreme rays^ 
)f course^ all the others^ are made more 
sent. 

nes. I do not understand this. 
tor* Well, let £ be the eye, (Plate iv. Fig. 
ind the object a b seen at cc^ and also at x, 
e the distance ; will not the same object 
.r under different angles to an eye so si- 
1. 

nts. Tes, certainly a i^ h will be larger 
ZB df and will include it. 
tor» Then the object being brought very 
the eyie, has the same effect as magnifying 
bject, or of causing the rays to diverge; 
is, though a b and c d are of the. same 
lis,, ypt a.b being nearest to the eye> will 
it the largest. 

arles. Y.ou say the eyes of old people be- 
flat by age ; is that the natural progress ? 
tor. It is ; and therefore people who are 
short-sighted while young, wUl probably 
'ell when they grow old. 
mes. That is an advantage denied to com- 
eyes. 
tor. But people blessed with common sight. 
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uld be thankful for the benefit they A 

lie young. 

Charles. And I am sure we cannot too 

estimate the science of optics, that hi 
rded such assistance to defective eyes, v 

many circumstances of Iife» would be ai 
ithout them. 



CONVERSATION XVIII. 



of the Radnbow. 

Tutor* You have frequently seen a rail 
Charles. Oh, yes, and very often the 
two at the same time, one above the othe 
lower one is by far the most brilliant. 

Tutor. This is, perhaps, the most b« 
meteor in nature ; it never makes its 
ance but when a spectator is situated 
the sun and the shower. It is thus d( 
by Thomson : 

^Reflected from yon eastern cloud. 

Bestriding earth, the grand ethereal bow 
Shoots up immense ; ai^ every hue unfolds 
In fair proportion, running from the red 
To where the vi'let fades into the sky. 



1^: 
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f,'^ Jiwibl Newton, the ^lissolving clouds 
'Vonn, fronting^ on the sun, thy show'ry prism ; 
And to the sag^^nstructed eye unfold 

' Hie various twine of light, by thee disdos'd 
Tnoi the white mingling maze. 

JameSm Is a rainbow occasioned by the falling 
»ps of rain ? 
Tutor. Yes, it depends on the reflection and 
{fraction of the rays of the sun by the falling 
>ps. 

Charles. I know now how the rays of tlie sun 
refracted by water, but are they reflected by 
also? 

Tutor. Yes; water, like glass» reflects some 
lys, while it transmits or niVacts others. You 
low the beauty of the rainbow consists in its 

lurs. 

iJfames. Yes, «the colours of the rainbow'' is 
^Tery common expression ; I have been told 
are seven of them, but it is seldom that 
many can be clearly distinguished. 
iTutor. Perhaps that is owing to your want 
'patience; I will show you the colours first 
means of the prism. If a ray of light s 
late V. Fig. 31.) be admitted into a darken- 
room, through a small hole in the shutter 
f, its natural couPHe is along the line to d; 
if a glass prism a c be introduced, the whole 
will be bent upwards, and if it be taken on 
ly white surface as m n, it will form an ob- 
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long image? t, the breadth of w 
the diameter of the hole in the s 

Charles, This oblong is of diff 
different parts. 

Tutor, These are the colours < 
which are described by Dr. Dar 
ed? 

Next with illumin'd hands through p: 
Pleas'd they untwist the sevenfold tl 
Or, bent in pencils by the lens, com 
To one bright point the silver hairs < 

James, But how is the liglit ^ 
ted by a circular hole in the win 
into an oblong ? 

Tutor, If the ray were of oi 
would be equally bent upwards, 
a small circular image. Since, 
image or picture is oblong, it i 
it is formed of rays diflTcrcntly re 
of which are turned more out 
more upwards than others ; the 
the upper part of the spectrum 
frangible, those which go to the 
the least refrangible, the intorm^ 
sess more or less refrangibiliti 
they are painted on the sp< ctrui; 
the seven colours ? 

Charles. Yes, here is the vioi 
greetif ydlow^ orange, and red. 

Tutor. These colours will be 



r 

pfU if a convex lens be interposed, at a proper 
llistance, between the shutter and the prism. 
^ James, How does this apply to the rainbow ? 
, Tutor. Suppose a (Plate v. Fig. 32.) to be a 
imp of rain, and s d a ray from the sun falling 
jRMn or entering it at d, will not go to c, but be 
refracted to n, where a part will go out, but a 
part also will be refracted to g, where it will go 
out of the drop, which acting like a prism, se- 
parates the ray into its primitive colours ; the 
violet will be uppermost, the red lowermost. 

Cluirles. Is it at any particular angle that 

ise colours are formed ? 

Tutor. Yes, they are all at fixed angles ; the 
it refrangible or red makes an angle with the 

lar incident ray, equal to little more tlian 

degrees ; and the violet or most refrangible 

ly, will make with the solar ray an angle of 40 
agrees. 

James. I do not understand which are these 

igles. 

» Tutor. The ray s d would go to/c, therefore, 
the angle made with the red ray is s / g, and 
that made with the violet ray is s c g, the for- 
mer 42° 2', the latter 40° 17'. 

Charles. Is this always the case be the sun 
either high or low in the heavens? 

Tutor. It is ; but the situation of the rainbow 

irill vary accordingly as the sun is high or low, 

Jiat iH, the higher the sun, the lower will be 

the rainbow : a shower has been seen on a 

Vol, III.— I 
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dountain by a spectator in a vaUey, by 
I complete circular rainbow has been exli 
James. And I once remember standi 
Morant's Court Hilly in Kent^ when thei 
a lieavy shower, while the sun shorn 
briglity and ail the landscape beneath, to 
extent, seemed to be painted with tlie prii 
colours. 

Tutor. I recollect this well : and perh 
some such scene Tiiomson alludes : it ws 
tainly the most beautiful one I ever behel 

These, when the clouds distil the ro^ shower* 
Shiiie out distinct adown the watery low .* 
While o'er our heads the dewy vision bends 
Delightiul, meltings on the fields beneath. 
Mynads of mingling dyes fix>m these result. 
And myriads still remain } infinite source 
Of beauty, ever blushing, ever new. 

Charles. Tou have not explained the 
pies of the upper or fainter bow. 

Tutor. This is formed by two refracti 
two reflections : suppose the ray t r, t« 
tering the drop b at r. It is refracted 
fleeted at s, reflected again at ^ and i 
as it goes out at u, whence it proceei 
separated, to the spectator at g. Her 
lours are rever$ied ; the angle formed b 
ray is 51^, and that formed by violet 

James. Docs the same thing happc 
gard to a whole shower, as you have s 
xespect to the two drops ? 
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%UiT. Certainly^ and by the constant falling 

he rain» the image is preserved constant 

perfect. Here is the representation of the 

bows. (Plate v. Fig. S3.) The rays come 

.he direction s a^ and the spectator stands 

£ with his bark to the sun, or. in other 

i*ds, he must be between the sun and the 

ower. 

This subject may be shown in another way ; 

a glass globule filled with water be hung suf- 

riently high before you, when the sun is be- 
lindt to appear red, let it descend gradually, 
md you will see in the descent ail the other six 
colours follow one another. Artificial rain- 
bows may be made with a common watering 
potf but much better with a syringe fixed to an 
artificial fountain; and I have seen one by 
q)irting up water from the mouth ; it is often 
leen in cascades, in the foaming of the waves 
of the sea» in fountains, and even in the dew 
tti the grass. 

Dr. Langwith has described a rainbow, which 
be saw lying on the ground, the colours of 
Vhich were almost as lively as those of the 
common rainbow. It was extended several 
bandred yards, and the colours were so strong, 
that it might have been seen much farther, if it 
bad not been terminated by a bank, and the 
bedge of a field. 

lUinbows have also been produced by the 
reflection of the sun's beams from a river : anc 
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Mr. Edwards dem^ribes one which mi 
been formed by the exhalations from th( 
London^ when the sun had been set 
minutes.^ 



CONVERSATION XIX. 



of the Refracting Telescope. 

Tutor. We now come to describe tl 
tiire of telescopes, of which there are tw< 
viz. the refracting and the reflecting U 

Charles. The former or refracting tc 
depends, I suppose, upon lenses for thi 
tiun ; and the reflecting telescope acts cl 
means of mirrors. 

Tutor. These are the general princip 
which they are formed ; and we shall de 
morning to the explanation of the refra 
lescope. Here is one completely fitted 

James. It consists of two tubes, s 
glasses. 

Tutor. The tubes are intended to I 

* See Phil. Trans. Vols. VI. and L. 
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esy and to confine the boundary of the view. 
II therefore explain the principle by the 
wing figure (Plate y. Fig. 34.) in which is 
)sented the eye a b^ the two lenses m n, 
iind the object x y. The lens o p, which 
rarest to the object, is called the object- 
it and that m n nearest to the eye is called 
ye-glass. 

\arUs. Is the object-glass a doable convex^ 
the eye-glass a doable concave 7 
itor* It happens so in this particular in- 
«» but it is not necessary that the eye-glass 
Id be concave ; the object-glass must^ how- 
in all cases, be convex. 
arks. I see exactly, from the figure, why 
ye-glass is concave: for the convex lens 
3rges the rays too quickly, and the focus 
lat ^ass alone would be at e : and there- 
the concave is put near the eye, to make 
ays diverge so much as to throw them to 
etina before they come to a focus. 
Uor. But that is not the only reason : by 
ng to a focus at e, the image is very small, 
mparison of what it is when the image is 
Ml on the retina, by means of the concave 
Can you, James, explain the reason of 
le lines which you see in the figure 7 
mes. I think I can : — there are two pen- 
f rays flowing from the extremities of the 
V, which is the object to be viewed. The 
of the pencil flowing from x, go on di- 

12 
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verging till they roach the convec 
when they will be so refracted by 
through the glass, as to converge, anc 
the point x. Now the same may be sg 
pencil of rays which comes from y; 
course, of all the pencils of rays flow 
the object between x and y. So that t 
of the arrow would, by the convex 
formed at £• 

Tutor. And what would happen if tli 
no other glass ? 

James. The rays would cross each ( 
be divergent, so that when they got to 
na, there would be no distinct image 
but every point as a; or j^, would be spi 
a large space, and the image would be < 
To prevent this, the concave lens m n 
posed ; the pencil of rays which woul 
convex glass, converge at x^ will now 
to diverge, so as not to come to a focu^ 
arrive at the retina : and the pencil 
which would, by the convex glass, ha 
to a point at y^ will, by the interpositic 
concave lens, be made to diverge so m 
throw the focus of the rays to h inst 
By this mcansy the image of the object 
nified. 

Tutor- Can you tell the reason why 
i*equire to be drawn out more or less f 
cnt persons ? 

Charles. The tubes are to be adjust( 
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» throw the focus of rays exactly rtn the 
I : and as some eves are more convex than 
If the length of the focus will varVin dif- 
; persons, and, by sliding the tube iip dr 
t this object is obtained. 
tor. Refracting telescopes are used chief j 
ewing the terrestrial objects; two thingH^ 
fore, hre requisite in them ; the Jitit is, 
t sliould show objects in an upright po«li- 
that is» in the same position as we see 
without glasses ; and tlie second Uy that 
ihould afford a l^rgejleld cfview^ 
aes. What do you mean, sir, by a field of 

i ..... 

tor* AH that part of landscape which may 
m at once, without moving the eye or in- 
ent. Now, in looking on the figori) agniu, 
n\\ perceive that the concave fens throws 
iber of the rays beyond the piipi) c Of Ihe 
m to the iris on both sides^ but those only 
isible, or go to form an image, wbtcfa pass 
gh the pupil; and thereforr, by a tele- 
made in this way, the tniddle part of the 
t is only seen, or, in other words^ the pros« 
8 by it very much diminished. # 

jrles. How is that remedied ? ■ 
tor. By substituting a double convex eye- 
g h (Plate V. Fig. 35.) instead of the con- 
one. Here the focus of the double convex 
s at £, and the glass g h must be so nacK 
convex than o p^ as that its focus may bo 
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also at s : for then the rays flowing 
object X Vf and passing through the ob 
opf will form the inverted image m e 
by interposing the double convex g h, 1 
is thrown on the retina, and it is seen 
large angle Dec, that is, tlie image i 
be magnified to the size c £ d. 

Janus. Is not the image of the obji 
telescope inverted ? 

TSUor. Tes, it is : for you sec the 
the retina stands in the same positic 
object ; but we always see things by h 
images inverted: and, therefore, wh 
seen by telescopes constructed as thii 
appear inverted to the spectator, which 
unpleasant circumstance with regard 
trial objects ; it is on that account chi 
for celestial observations. 

Charles. Is there any rule for calcul 
magnifying power of this telescope ? 

Tutor. It magnifies in proportion as 
distance of the object-glass is greater 
focal distance of the eye-glass. Tin 
focal distance of the object-glass is te 
^d that of the eye-glass only a single 
telescope magnifies the diaineter of s 
ten times : and the whole surface of t 
will be magnified a hundred times. 

Charles. Will a small object, as a si 
ny, for instance, appear a hundred tim 



\ 
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# 

ttrough this telescope than it would by the 
Mked eye? 

V Tutorm Telesco])es9 in general » represent ter- 
restrial objects to be nearer and not larger: 
UiuSf looking at the silver penny a liutidred 
yurds distantf it will not appear to be larger^ 
but Ht the distance only of a single yard. 

James. Is there no advantage gained, if the 
focal distance of the eye-glass, and of the ob- 
ject-glass» be equal ? 

Tutor* None ; and therefore in telescopes of 
this kind we have only to increase the focal 
distance of the object-giass, and to di^nin&sh the 
focal distance of the eye^glasx, to augment the 
magnifying power to almost any degree. 

Charles, Can you carry this principle to any 
extent 7 

Tutor. Not altogether so : an object-glass of 
ten feet focal distance, will require an eye-glass 
whose focal distance is rather more than two 
mches and a half: and an object-glass with a 
ibcftl distance of a hundred feet, must, have an 
eye*glass whose focus must be about six inches 
from it. How much will each of these glasses 
magnify ? 

James. Ten feet divided by two inches and 
a half, give for a quotient forty-eight- and a 
hundred feet divided by six inches, give two 
hundred, so that the former magnifies 48 times^ 
and the latter 200 times. 

Tutor. Refracting telescopes for viewing ter- 
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restrial objectSy in order to show then 
natural posture, are usually construe 
one object-glass, and three eye-glassc 
cal distances of these last being equal. 

James. Do you make use of the sam 
in calculating the magnifying power < 
scope constructed in this way, as you c 
last? 

Tutor. Tes ; the tliree glasses nex 
baving their focal distances equal, the 
ing power is found by dividing the I 
tance of the object-glass by the focal 
of one of the eye-glasses* We ha\'e 
as much on the subject as is necessai 
plan. 

Charks. What is the construction i 
glasses, that are so much used at the t 

Tutor. The opera-glass is nothing n 
a short refracting telescope* 

The night telescope is only about 
long; it represents objects inverted,! 
lightened, but not greatly magnified* ] 
to discover objects, not very distant, b 
cannot otherwise be seen for want of 
light. 
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CONVERSATION XX. 



Of Reflecting Telescopes. 

tor. This is a telescope of a diflTerent kind^ 

3 called a reflecting telescope* 

irles. What advantages does the reflectinr 

ope possess over that which you describea 

•day? 

tor* The great inconvenience attending 

;ting telescopes is their lengthy and on that 

nt they are not very much used when high 

"8 are required. A reflector of six feet 

^ill magnify as much as a refiractor of a 

'ed feet. 

us. Are these^ like the refracting tele- 

if made in different ways ? 

lor. They were invented by Sir I. New- 

ut have been greatly improved since his 

The following figure (Plate yi. Fig. 36.) 

;ad to a description of one of those most 

• You know that there is a great simi- 

between convex lenses and concave inir« 

irles. They both form an inverted focal 
of any remote object^ by the convergence 
pencil of rays. 

)or. In instruments^ the exhibitions ef 
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which are the effects of reflection, the concav 
mirror is substititted for the convex lens, t : 
(Fig. 36*) represents the large tube, and t / th 
small tube of Ihe telescope, at one end of whici 
IS D F, a concave mirror, with a hole in tb 
middle at p, the principal focus of which is a 
I K ; opposite to the hole p, is a mirror i., con 
cave towards tlii^ great one ; it is fixed on i 
strong wire m, and may, by means of a loii( 
screw on the outside of the tube, be made fa 
move backwards or forwanls. a b is a remoti 
object : from which rays will flow to the greil 
mirror D p. ■ 

James. And I see you have taken only tvi 
rays of a pencil from the top, and two from the 
bottom. 

Tutor, And in order to trace the progress ol 
the reflections and refract ions, tlie npper onm 
are represented by full Hues, the lower one« bj 
dotted lines. Now the rays at c and £ taUini 
upon the mirror at d atid f« are reflected* am 
form an inverted image at m. 

Cliarles. Is there any thing there to receivt 
the image ? 

Tutor, No : and therefore they go on to 
wards the reflector l, the ravs from differei 
parts of the objec t crossing one another a littli 
before they roach l. 

James, Does not the hole at p tend to distor 
the image? 

Tutor. Not at all ; the only defect is^ tha 
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on is less light. From the mirror i. the rays 
) reflected nearly parallel through f, there 
\y have to pass the plano-convex lens b^ 
ich causes them to converge at a b, and the 
ige is now painted in the small tube near the 

Carles. What is the other plano-convex lens 
br? 

rutovm Having by means of the lens b^ and 
two concave mirrors, brought the image of 
object so nigh as at a fr, we only want to 
gnify the image. 

^ames* This^ I see, is done by the lens s. 
Vutor* It is, and will appear as large as c d, 
t is, the image is seen under the angle c/if» 
Viarles. How do you estimate the magnifying 
7er of the reflecting telescope? 
Vntor. The rule is this : <« Multiply the fo- 
distance of the large mirror by the distance 
the small mirror from the image m : then 
Itiply the focal distance of the small mirror 
the focal distance of the eye-glass ; and di- 
B these two products by one another, and 
quotient is the magnifying power.'* 
^anus. It is not likely that we should know 
these in any instrument we possess. 
Tutor. The following, then, is a method of 
ling the same thing by experiment. " Ob- 
ye at what distance you can read any book 
h the naked eye, and then remove the book 
ihe farthest distance at which you can di^- 
Voj.. III.— K 
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tinctlj read by tiieans of the telescope^ and 
vide the latter by the former." 

Charles. Has not Dr. Herschel a very h 
reflecting telescope ? 

Tutor. He has made many, but the tube 
the grand telescope is nearly 40 feet longf 
four feet ten inches in diameter. The conci 
Bu/^ace of the great mirror is 48 inches, of 
lished surface, in diameter, and it magrnifii 
6000 times. This noble instrument cost tl 
Doctor four years* severe labour: it was finii 
€d August 28, 1789, on which day was du 
vered the sixth satellite of Saturn. 



Delighted Herschel, with reflected liffht, 
Pursues his radiant journey through the night. 
Detects new guards, that roll their orbs afar. 
In lucid ringlets round tlie Georgian star. 

Dahwin. 



CONVERSATION XXI. 



of the Microscope — ^Tts Principle — Of the Single Mkn> 
scope — Of the Compound Microscope — Of the Solar Ifi 
croscope. 

Tutor. Wc arc now to describe the micro* 
scope, which is an instrument for viewing ?er] 
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tail objects. You know that» in general^ per- 
ns who have good sight cannot distinctly view 
I object at a nearer distance than about six 
ches. 

diaries. I cannot read a book at a slrorter 
stance than this ; but if I look through a small 
de made with a pin or needle in a sheet of 
own paper^ I can read at a very small distance 
deed. 

Tutor, You mean, that the letters appear, in 
at case, very much magnified, the reason of 
licli is, that you are able to see at a much 
orter distance in this way, than you ran with-* 
t the intervention of the paper. Whatever 
strument, or contrivance, can render minute 
jects visible and distinct, is properly a micro- 
ope. 

James. If I look througli the hole in the pa- 
r, at the distance of five or six inches from 
e print, it is not magnified. 
Tutor, The object must be brought near, to 
crease the angle by which it is seen ; this is 
e principle of all microscopes, from the single 
fis to the most compound instrument, a (Plate 
. Fig. 37.) is an object not clearly visible at 
less distance tlian a u ; but if the same ob- 
:t be placed in the focus c (Fig. 38.) of the 
lis D, the rays which proceed from it will he- 
me parallel, by passing through the said lens^ 
id therefore the object is distinctly visible to 
e eye at £5 placed any where before the lens. 
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There are three distinctions in microsci^ 
the single, the compound, and the solar. 

Chartes. Does the single microscope co: 
only of a lens ? 

Tutor. By means of a lens a great number 
rays proceeding from a point are united in 
same sensible point, and as each ray ca 
with it the image of the point from whence 
proceeded, all the rays united must form 
image of the object. 

James. Is the image brighter in proportion 
there are more rays united ? 

Tutor. Certainly : and it is more distinct 
proportion as their natural order is preserv 
In other words, a single microscope or lens re* 
moves the confusion that accompanies objecti 
when seen very near by the naked eye ; and fl 
magnifies the diameter of the object, in propo^ 
tion as the focal distance is less than the limil 
of distinct vision, which we may reckon froH 
about six to eight inches. 

Charles. If the focal distance of a reading- 
glass be four inches, does it magnify the dia- 
meter of each letter only twice ? 

Tutor. Exactly so: but the lenses used in 
microscopes are often not more than i or •} oi 
even ^'^ part of an inch radius. 

James. And in a double convex the focal dis- 
tance is always equal to the radius of convexity. 

Tutor. Then tell me how much lenses of i\ 
7, and -^^ of an inch will each magnify I 
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Janies* That is readily done ; by dividing 8 
Dchesy the limit of distinct vision^ by if -I, and 

Charles. And to divide a whole number, as ^9 
ly a fraction, as i, &c. is to multiply the said 
lumber by the denominator of the fraction : of 
course, 8 multiplied by 49^ives 32; that is, the 
ens, whose radius is a i of an inch, magnifies 
he diameter of the'object 32 times. 

James. Therefore the lenses of which the radii 
re 4 and ,^^ will magnify as 8 multiplied by 
, and 8 multiplied by 20 ; that is, the former 
ill magnify 64 times, the latter 160 times, the 
iameter of an object. 

Tiitor. You see, then, that the smaller the 
ins, the greater its magnifying power. Dr. 
[ooke says, in his work on the microscope, 
lat he has made lenses so small as to be able, 
ot only to distinguish the particles of bodies 
million times smaller than a visible point, but 
^en to make those visible of which a million 
mes a million would hardly be equal to the 
ulk of the smallest grain of sand. 

Charles. I wonder how be made them. 

T^or. I will give you his description : he 
rst took a very narrow and thin slip of clear 
lass, melted it in the flame of a candle or lamp, 
nd drew it out into exceedingly fine threads. 
%e end of one of these threads he melted again 
I the flame till it run into a very small drop^ 
'hich^ when cool^ he fixed in a thin plate of 

K 2 



114 OPTICS. 

metaly so that the middle of it might bedirecl 
over the centre of an extremely small hole ma 
in the plate. Here is a very convenient sing 
microscope. 

James. It does not seem^ at first sighty 
simple as those which you have just now i 
scribed. • 

Tutor. A (Fig. 39.) is a. circular piece 
brass, it may be made of wood, ivory, kc 
the middle of which is a very small hole, in tk 
is fixed a small lens, the focal distance of whi 
is ▲ D, at that distance is a pair of pliers o 
which may be adjusted by the sliding scre^ 
and opened by means of two little stads a 
with these any small object may be taken u 
and viewed with the eye placed at the otb 
focus of the lens at f, to which it will appei 
magnified as at i m. 

Charles. I see by the joint it is made to fo 
up. 

Tutor. It is ; and may be put into a case, ai 
carried about in the pocket, without any incan 
brance or inconvenience. Let us now look at 
donble or compound microscope. 

James. How many glasses are there in this 

Tutor. There are two ; and the constructh 
of it may be seen by this figure : c d (Fig. 4C 
is called the object-glass, and e/the eye-gla£ 
The small object a 5 is placed a little farthi 
from the glass c d than its principal focus, i 
that the pencils of rays flowing from the dijOTe 
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nts of the object^ and passing through 
iSf may be made to converge and unite 
any points between g and A, where the 
if the object will be formed. This image 
)d by the eye-glass e/, which is so placed 
3 image g h may be in the focus, and 
at about an equal distance on the other 
e rays of each pencil will be parallel af- 
ig out of the eye-^assy as at e and/f till 
me to the eye at k^ by the humours of 
hey will be converged and collected into 
in the retinaf and form the large invert- 

^ AB. 

If s. Pray, sir, how do you calculate the 
ring power of this microscope ? 
\ There are two proportions, which, 
)und, are to be multiplied into one an- 
(1.) As the distance of the image from 
ct-glass is greater than its distance from 
-glass; and, (2.) as the distance from 
ect is less than the limit of distinct 

riple. If the distance of the image from 
ct-glass be four times greater than from 
-glass, the magnifying power of four is 

ince g^ves the fbUowine rule for finding* the linear 
g power of a compound microscope : " It is equal 
ast distance of distinct vision, multiplied by the 
if the image from the object-glass, divided by the 
»f the object from the oDJect-g]MS> multiplied by 
length of the eye-glu8«'* 
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gained : and if the focal distance of the ey^ 
^ass be one inch, and the distance of distin 
vision be considered at seven incheSf the mij 
nifying power of seven is gained, and 7 moll 
plied by 4 gives S8 ; that is, the diameter of tl 
object will be magnified S8 times> and the su 
face will be magnified 784 times. 

James. Do you mean that an object wil 
through such a microscope, appear 784 timi 
larger than by the naked eye ? 

Tutor. Yes, I do ; provided the limit of di 
tinct vision be seven inches | but some persoi 
who are short-sighted, can see as distinctly i 
five or four inches, as another can at seven ( 
eiglit : to the former the object will not appei 
so large as to the latter. 

Ex. S. What will a microscope of this kin 
magnify to three different persons, whose eyi 
are so formed as to sec distinctly at the distant 
of 6, 7, and 8 inches by the naked eye ; su] 
posing the image of the object-glass to be fii 
times as distant as from the eye-glass, and tl 
focal distance of the eye-glass be only the tent 
part of an inch ? 

Charles, As five is gained by the distance 
between the glasses, and 60, 70, and 80, by tli 
eye-glass, the magnifying powers will be as S0( 
350, and 400. 

James. How is it 60, 70, and 80, are gainc 
by tlie eye-glass ? 

Charles. Because the distances of distinct v 
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flion are pot at 6, 7, and 8 inches, and these are 
te be divided by the focal distance of the eye- 
IglasSf or by ^^ ; but to divide a whole number 
fay a fraction, we must multiply that number by 
the denominator, or lower figure in the fraction : 
therefore the power gained by the distance be- 
tween the two glasses, or 5, must be multiplied 
fay 60, 70, or 80. And the surface of the object 
will be magnified in proportion to the square of 
300, 350, or 400, that is as 90,000, 122,500, or 
160,000. 

Tutor. We now come to the solar microscope^ 
which is by far the most entertaining of them 
all, because the image is much larger, and being 
thrown on a sheet, or other white surface, may 
be viewed by many spectators at the same time^ 
without any fatigue to the eye. Here is one fix- 
vd in the window-shutter, but I can explain its 
construction best by a figure. 

James. There is a looking-glass on the out- 
side of the window. 

Tutor. Yes, the solar microscope consists 
(Plate Yi. Fig. 42.) of a looking-glass so with- 
out, the lens a 5 in tlie shutter du, and the lens 
%m within the dark room. These three parts 
are united to, and in a brass tube. Tlie look- 
ing-glass can be turned by the adjusting screw, 
80 as to receive the incident rays of the sun 
18 8, and reflect them through the tube into the 
room. The lens a b collects those rays into a 
focus at n m, where there is another magnifier; 
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lierey of course^ the rays crosR. and diverge t 
the white screen on which the image of the ok 
ject will be painted. \ 

Charles, I see tlie object is placed a little be- 
hind the focus. 

Tutor. If it were in the for us, it would be 
burnt to pieces immediately. The magnifying 
power of this instrument depends on the dis- 
tance of tlie sheet or white screen ; perhaps 
about 10 feet is as good a distance as any. Yoa 
perceive that the size of the image is to that ol 
the objert as the distance of the former from the 
lens nvu is to that of the latter. 

James. Then the nearer the object to the IcnSj 
and the farther tlic screen from it, tlie greatei 
the power of tliis microscope. 

Tutor, You arc ri.^ht, and if the object be 
only half an inch from the lens, and tlie screer 
nine feet, the image will be 46,656 times largei 
than the object: do you understand tiiis? 

Charles, Yes, tlie object being only iialf ar 
inch from the lens, and the image nine feet, oi 
one hundred and eight incites, or two hundrcc 
and sixteen half inches, the diameter of thi 
image will be two hundred and sixteen timei 
larger than the diameter of the object, and tbii 
number multiplied into itself will give 46,656 

Tutor. TluH instrument is calculated only t( 
exhibit transparent objects, or such as the ligh 
can pass through in part. For opaque objects 
a different microscope is used : and, indeed 
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are an indefinite number of microscopes, 
r them ally we may say^ though in differ- 
!grees : 

,e artificial convex will reveal 

e forms diminutive that each conceal; 

nae so minute, that, to the one extreme, 

e mite a vast Leviathan would seem; 

at yet of organs, functions, sense partake 

ual with animals of ^^er make. 

curious limbs and clothing they surpass 

far the comeliest of the bulky mass. 

s^orld of beauties! that through all this frame 

nation's g^randest miracles proclaim. 

.J . Bbowite. 
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i Camera Obscura, Magic Lantern, and Multiplying 

Gmss. 



lor. We shall now treat upon some misccl- 
js subjects ; of which the first shall be the 
ra Obscura, 

tries. What is a camera obscura ? 
tor. The meaning of the term is a dark- 
chamber: the construction of it is very 
3, and will be understood in a moment by 
F 
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yoa, who know the properties of the ami 
lens. 

A convex lens placed in a hole of a wini 
shutter^ will exhibit, on a white sheet of 
placed in the focus of the glass^ all the objedri 
on the outside, as fields, trees, men, hoases^ m 
in an inverted order. ~ a 

James. Is the room to be quite dark, except 
the light which is admitted through the lens i \ 

Tutor. It ought to be so; and, to have a verja 
interesting picture, the sun should shine upoil 
the objects. > 

James. Is there no other kind of camera ob- 
scura? 

Tutor. A portable one may be made with a 
square box, in one side of which is to be fixed 
a tube, having a convex lens in it : within the 
box is a plain mirror, reclining backwards from 
the tube, in an angle of forty-five degrees. 

Charles. On what does this mirror reflect the 
image of the object ? 

Tutor. The top of the box is a square of un- 
polished glass, on wliich the picture is formed. 
'And if a piece of oiled paper be stretched on the 
glass, a landscape may be easily copied; or the 
outline may be sketched on the rougli suiiace 
of the glass. 

James. Why is the mirror to be placed at an 
angle of 45 degrees exactly ? 

Tutor. The image of the objects would na- 
turally be formed at the back of the box oppo- 
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e lens ; in order, therefore, to throw it 
)p9 the mirror must be so placed that 
;ted ray shall be perpendicular to the 
J. In the boXy according to its origi- 
if the top is at right angles to the end, 
it an angle of 90 degrees, therefore the 
) put at half 90, or 45 degrees. 
8. Now the incident rays falling upon 
5 which declines to an angle of 45 de« 
ill be reflected at an equal angle of 45 
which is the angle that the glass top of 
tiears with respect to the mirror. 
. If I understand you clearly, had the 
»een placed at the end of the box, or 
to it, the rays would have been reflected 
he lens ; and none would have proceed- 
) top of the box. 

. True : in the same manner as when 
ion stands before a looking-glass, an- 
the side of the room cannot see his im- 
le glass, because the rays flowing from 
;he looking-glass are thrown back to 
igain ; but let each person stand on the 
side of the room, while the glass is in 
lie of the cud of it, they will both stand 
gle of 45 degrees, with regard to the 
)d ravs t'rotii each will be reflected to 
n. 
's. Is the tube fixed in this machine? 

No ; it is uiade to draw out, or push 
I to adjust the distance of the convex 
L. III.— L 
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glass from the mirror, in proportion to i 
tance of the outward objects, till they i 
tinctly painted on the horizontal glass. 

James. Will you now explain the struc 
the magic-lantern, which has long affo] 
occasional amusement? 

Tutor. This little machine consists, 
know, of a sort of tin box ; within whii 
lamp or candle : the light of this passes t 
a great plano-convex lens, placed in a U 
ed in the front. This strongly illumina 
objects which are painted on slips of gla 
placed before the lens in an inverted pi 
A sheet, or other white surface, is placet 
ceive the images. 

Cliarles. Du you invert the glasses on 
the figures are drawn, in order that the 
of them may be erect ? 

Tutor, Yes: and the illumination n 
greatly increased, and the effect mucli 
powerful, by placing a concave mirror 
back of the lamp. 

Cfiarles. Did you not tell us that the 
tasmagoriUf which we saw at the Lyceui 
a species of the magic-lantern ? 

Tutor. There is this difference between 
in common magic-lanterns, the figures arc 
cd on transparent glass, consequently the 
on the screen is a circle of light, ha 
figure or figures on it ; but in the Than 
goria, all the glass is made opaque^ exc( 
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ilj, which being painted in transparent 
the light shines through it, and no light 
le upon the screen but what passes 
the figui*e. 
. But there was no sheet to receive the 

• No : the representation wtis thrown on 
;reen of silk placed between the specta- 

the lantern. 

IS. What caused the images to appear 
ling and receding ? 

. It is owing to removing the lantern 
from the screen, or bringing it neai*er 
r, the size of the image must increase^ 
ntern is carried back, because the rays 
the shape of a cone, and as no part of 
3n is visible* the figure appears to be 
n the air, and to move farther off when 
les smaller, and to come neai*er as it 
s in size. 

. Here is another instrument, the con- 
I of which you promised to explain : the 
ing glass. 

. One side of this glass is cut into many 
surfaces, and in looking at an object, 

brother, through it, you will see not 
rt only, but as many as the glass con- 
me surfaces. 

draw a figure to illustrate this: let 
[. Fig 42.) A i n represent a glass, flat 
de next the eye h, and cut into three 



tS4 OPTICS* 

distinct surfaces on the opposite side, as a 
d B. The object c will not appear magi 
bat as rays will flow from it to all parts i 
glassy and each plane surface will refract 
rays to the eye, the same object will app 
the eye in the direction of the rays, whK 
ter it through each surface. Thus a n 
falling perpendicularly on the middle sw 
will suffer no refraction, but show the obj< 
its true place at c : the ray from c h, fallin 
liquely on the plane surface a 6» will be re 
ed in the direction h e, and on leaving the 
at e, it will pass to the eye in the dimtioi 
and therefore it appears at e ; and the ra 
will^ for the same reason^ be refracted t 
eye in the direction b h^ and the object i 
appear also in d. 

If, instead of three sides, the glass has 
cut into 6, or 20, or any other number, 
would have appeared 6, 20, &c. different ol 
diflbrently situated. 
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Of the Magnet : its Properties : useful to Maiiners, and 
others; Iron rendered Magnetic; Properties of the 
Magnet 

TUTOR. You see this dark brown mineral 
body, it is almost blacky and you know it has the 
property of attracting needles and other small 

^iron substances. 

\ James. Yes, it is called a load-stone^ leading- 
stone, or magnet ; we have often been amused 
with it : but you told us that it possessed a much 
Bore important property than that of attracting 
iron and steel. 

Tutor. This is what is called the directive 
froperty, by which mariners are enabled to con- 

;4Qct their vessels through the mighty ocean, 
oot of the sight of land : by the aid of this, mi- 
liers are guided in their subterranean inquiries, 

; and the traveller through deserts, otherwise im- 
passable. 

Charles. Were not mariners unable to make 
long and very distant voyages till this property 
of the magnet was discovered ? 
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Tutor. Till then^ they contented tliemseWec 
MTith mere coasting voyages; seldom tru8tiii| 
themselves from the sight of land. 

James. How long is it since this property oil 
the magnet was first known ? 

Tutor. About five hundred years ; and it Ij 
not possible to ascertain, with any degree (M 
precision, to whom we arc indebted for thii 
great discovery. 

Charles. Tou have not told us in what Qki 
discovery consists. 

Tutor. When a magnet, or a needle mbbed 
with a magnet, is freely suspended, it will at 
ways, and in all places, stand nearly north and 
south. 

Charles. Is it known which end points to fhc 
north, and which to the south? 

Tutor. Tes : or it would be of little use : eaci 
magnet, and each needle, or other piece of iroDj 
that is made an artificial magnet by being pro^ 
perly rubbed with the natural magnet, has a 
north end and a south end, called the north and 
south poles : to the former a mark is placed^ fof 
the purpose of distinguishing it. 

James. Then if a ship were to make a voy- 
age to the north, it must follow the direction 
which the magnet takes. 

Tutor. True : and if it were bound a wester- 
ly course, the needle always pointing north, the 
ship must keep in a direction at right angles to 
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tlie needle. In other words, the direction of the 
■eedle must be across the ship. 

Charks. Could not the same object be obtain- 
ed by means of tlie pole star ? 

Tutor. It mighty in a considerable degree, 

Eovided you could always ensure a fine clear 
y ; but what is to be done in cloudy weather, 
jwhicbf in some latitudes, will last for many days 
together 7 

Charles. I did not think of that. 
TiUoTm Without the use of the magnet, no 
lenons could have ventured upon such voyages 
M those to the East Indies, and other distant 
|trtB ; the knowledge, therefore, of this instru- 
iMnt, cannot be too highly prized. 

James, Is that a magnet which is fixed to 
^fte bottom of the globe, and by means of which 
«B set the globe in a proper direction with re- 
gard to the cardinal points, north, south, east, 
|. and west. 

Tutor. That is called a compass, the needle 
•f which being rubbed by tlie natural or real 
■ignet, becomes possessed of the same proper- 
ties as those which belong to the magnet itself. 
^ Charles. Can any iron and steel be made 
' Bagnetic ? 

Tutor. 'They may ; but steel is the most pro- 
per for the purpose. Bars of iron thus prepared 
are called artificial magnets. 

Jan^es. Will these soon lose the properties* 
thus obtained ? 
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Tutor. Artificial magnets will retain theil 
properties almost any length of time, and sioci 
they may be rendered more powerful than nft 
tural onesy and can be made of any form, tbq 
are generally used, so that the natural magus 
is kept as a curiosity. 

Charles. What are the leading properties o 
the magnet ? 

Tutor. (1.) A magnet attracts iron. (2.' 
When placed so as to be at liberty to moye ii 
any direction* its north end points to the norti 
pole, and its south end to the south pole : thai 
is called the polarity of the magnet. (3.) Whei 
the north pole of one magnet is presented to tU 
south pole of another, they will attract one ail' 
other. But if the two soiUhf or the two noril 
poles, are presented to each other, they will re^ 
pel. (4.) When a magnet is so situated as ta 
be at libei'ty to move any way, the two poles ol 
it do not lie in a horizontal direction, it inclina 
one of its poles towards tlie horizon, and d 
course, elevates the other pole above it 5 this is 
called the inclination 01 dipping of the magnet 
(5.) Any magnet may be made to impart iti 
properties to iron and steel. 
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Magnetic Attraction and Repulsion. 

tor. Having mentioned the several proper- 
r the magnet or loadstone, I intend, at this 
to enter more particularly into the nature 
Lgnetic attraction and repulsion. — Hei*e is 
{ iron bar, eight or nine inches long, ren- 

magnetic, and on that account it is now 
. an artificial magnet : I bring a small piece 
m within a little distance of one of the 
of the magnet, and you see it is attracted 
iwn to it. 
tries. Will not the same elBTect be produc- 

the iron be presented to any other part 

magnet ? 
tor. The attraction is strongest at the 

and it grows less and less in proportion 

distance of any part from the poles, so 
n the middle, between the poles, there is 
Taction, as you shall see by means of this 
needle. 

nes. When you held the needle near the 
»f the magnet, the magnet moved to that, 
I looks as if the needle attracted the mag- 
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Tutor. You are right : the attraction is 
tualy as is evident from the following er 
ment. I place this small magnet on a pie 
corky and the needle on another piece, an 
them float on water, at a little distance 
each other, and you observe that the ms 
moves towards the iron, as much as the 
moves towards the magnet. 

Charles. If two magnets were put in th: 
tuation, what would be produced ? 

Tutor. If poles of the same name, that is 
two north, or the two south, be brought 
together, they will repel one another; but 
north and south pole be presented, the i 
kind of attraction will be visible, as there 
between the magnet and needle. 

James. Will tliere be any attraction o 
pulsion if other bodies, as paper, or thin 
of wood, be placed between the magnets, oi 
tween the magnet and iron ? 

Tutor. Neither the magnetic attractioE 
repulsion is in the least diminished, or in 
way affected by the interposition of any kii 
bodies, except iron. Bring the magnets 1 
ther within the attracting or repelling distt 
and hold a slip of wood between ttiem : yoi 
they both come to the wood, 

Charles. You said that iron was more e: 
rendered magnetic than steel, does it retail 
properties as long too ? 

Tutor. If a piece of soft iron, and a pie* 
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Mri steely he brought ivithin the influence of a 
Mgnetf the iron will be most forcibly attract- 
idy but it will almost instantly lose its acquired 
•iMgnetiBmy whereas the hard steel will preserve 
it a long time. 

James. Is magnetic attraction and repulsion 
It all like what we have sometimes seen in elec- 
tricity ? 

. T^Uor. In some instances there is a great si- 
milarity: Ex. I tie two pieces of soft wire 
(Plate VIII. Fig. 28.) each to a separate thread, 
|irMch join at top, and let them hang freely from 
n book X. If I bring the marked or north end 
9f a magnetic bar just under them, you will see 
'the wires repel one another, as they are shown 
I ia the figure hanging from «. 

Ckarks. Is that occasioned by the repelling 
power which both wii*es have acquired in con- 
wqaence of being both rendered magnetic with 
the same pole? 

Tutor. It is : and the same thing would have 
occurred if the south pole had been presented 
instead of the north. 

James. Will they remain long in that posi- 
tion? 

Tutor. If the wires are of very soft iron they 
will quickly lose their magnetic power ; but if 
iteel wires be used, as common sewing needles, 
they will continue to repel each other, after the 
removal of the magnet. 

Ex. II. I lay a sheet of paper flat upon a ta- 
Vo£. IU.^M 
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ble, and strew some iron filings upon it. I noi 
lay this small magnet (Fig. 29.) among them 
and give the table a few gentle knocks^ so asti 
shake thelilingSy and you observe in what man 
ner they have ranged themselves about the mag 
net. 

Charles. At the two ends or poles^ the parti 
cles of iron form themselves into linesy a littl( 
sideways ; they bend, and then form completi 
archeS) reaching from some point in the north 
ern half of the magnet to some other point ii 
the southern half. — Fray how do you accoan 
for this ? 

Tutor. Each of the particles of iron^ by be 
ing brouglit \vithin the sphere of tlie magneti< 
influence, becomes itself magnetic, and possess 
ed of two poles, and consequently disposes it 
self in the same manner as any other magne 
would do, and also attracts with its extremitie 
the contrary poles of other (larticles. 

Ex. III. If I shake some iron filings througl 
a gauze sieve, upon a paper that covers a ba 
magnet, the filings will become magnets, an< 
will be arranged in beautiful curves. 

James. Does the polarity of the magnet re 
side only in two ends of its surface ? 

Tutor. No : one half of the magnet is pos 
sessed of one kind of polarity, and the other g 
the other kind ; but the ends, or poles, ar 
those points in which that power is the strong 
est. 



^ 
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^ A line drawn from one pole to tli6 
is called the axis of the magnet. 
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lethod of making Magnets — Of the Mariner's Com' 

pass. 

}r. I have already told you that artificial 
tsy which are made of steely are now ge- 
f used in preference to the real magnet, 
e they can be procured with greater ease, 
e varied in their form more easily^ and 
ommunicate the magnetic virtue more 
:iilly. 

rles. How are they made ? 
)r. The best method of making artificial 
ts is to apply one or more powerful mag- 
pieces of hard steel, taking care to apply 
rth pole of the magnet or magnets to that 
lity of the steel which is required to be 
:he south pole, and to apply the south pole 
magnet to the opposite extremity of the 
)f steel. 
es. Has a magnet^ by communicating its 



I 



versed. 

Qharles. Will steel produce the sa 

Tutor. It will not ; the iron mus 
and hence bars of iron that have been 
perpendicular position, are generally 
be magnetical^ as fire irons, bars of 
&c. — If a long piece of hard iron be 
hotf and then left to cool in tlie direc 
magnetical line, it usually becomes no 

Striking an iron bar with a hammc 
bing it with a file, while held in this 
renders it magnetical. An electric s 
lightning, frequently render iron ma{ 

James. An artificial magnet, yo 
often more powerful than the real o 
magnet, therefore, communicate t 
stronger power than it possesses ? 

Tutor. Certainly not : but two or r 
nets, Joined to.6:ether, may communica 
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»r. Tes ; very powerful magnets may be 

I by first constructing several weak mag-* 

ind then joining them together to form a 

und one, and to act more powerfully upon 

3 of steel. 

) following methods are among the best 

ming artificial magnets : 

Place two magnetic bars a and b (Fig. 

I a line, so that the north or marked end 

shall be opposite to the south end of the 
but at such a distance, that the magnet 
e touched, may rest with its marked end 

unmarked end of b, and its unmarked 
I the marked end of a. Now apply the 
3nd of the magnet x, and the south end of 
thenniddle of c, the opposite ends being 
;d as in the figure. Draw Ia and d asun- 
>ng the bar c, one towards a, the other 
Is B, preserving the same elevation : re- 
[i D a foot or more from the bar when they 
' the ends, then bring the north and south 
»f tliese magnets together, and apply them 
to the middle of the bar c as before : the 
>rocess is to be repeated five or six times^ 
urn the bar, and touch the other three 
n the same way, and with care the bar 
quire a strong fixed magnetism. 
Jpon a similar principle, two bars a b^ 
Pig. 26.) may be rendered magnetic, 
are supported by two bars of iron, and 
re so placed that the marked end b may 

M 2 
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bo opposite to the unmarked end d ; tl 
the two attracting poles g i, on the c 
A By as in the figure, moving them slo 
it ten or fifteen times. The same ope 
to be performed on c d, having first 
the poles of the bars, and tl^en on t 
faces of the bars ; and the business is 
plished. 

The touch thus communicated may b 
increased by rubbing the difierent fac( 
bars with sets of magnetic bars^ dispoi 
Fig. 27. 

James. I suppose all the bars sbouM 
smooth. 

Tutor. Tesy they should be well polif 
sides and ends made quite flat, and tfa 
quite square, or right angles. 

There are many magnets made in t 
of horse-shoes ; these are called horse-s 
nets, and they retain their power very 
taking care to join a piece of iron to th 
soon as it is done with. 

Charles. Does that prevent its po^ 
escaping ? 

Tutor. It should seem so; the po 
magnet is even increased by suffering \ 
iron to remain attached to one or be 
poles. Of course a single magnet shoul 
be thus left. 

James. How is magnetism commun 
compass needles ? 
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Tttior. Fasten the needle down on a board, 
. tad draw magnets about six inches long, in 
[ each handf from the centre of the needle out- 
Awards; then raise the bars to a considerable 
• distance fi-om the needle^ and bring them ])cr- 
pendicularly down on its centre, and draw them 
[ 9Tfr again, and repeat this operation about twcn- 
! ty times, and the ends of the needle will point to 

I tke poles contrary to those that touched them. 
■ Charles. I remember seeing a compass, when 

I I was on board the frigate that lay off Worthing ; 
' the needle was in a box, with a glass over it. 

Tutor. The mariner's coiipass consists of 
the box, the card or fly, and the needle. The 
kox is circular, and is so suspended as to retain 
its horizontal position in all the motions of the 
ship. The glass is intended to prevent any mo- 
tion of the card by the wind. The card or fly 
^ttoves with the needle, which is very nicely 
balanced on a centre. It may, however, be 
Boticed, that a needle which is accurately ba- 
lanced before it is magnetized, will lose its ba- 
lance by being magnetized, on account of what 
is caUed the dippingf therefore a small weighty 
or moveable piece of brass, is placed on one 
side of the needle, by the shifting of which the 
needle will always be balanced. 
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CONVERSATION XXVL 



Of the Variation of the Compass. 

Charles. You said, I think, that the magnet 
pointed nearly north and soiith ; how mucitdoes 
it differ from that line ? 

Tutor. It rarely points exactly north and 
south, and the deviation from that line is called 
the variation of th^ compass, which is said to be 
east or west. 

James. Does this differ at different times ? 

Tutor. It does ; and tlie variation is very dif- 
ferent in different parts of the world. The va- 
riation is not the same now that it was half a 
century ago, nor is it the same now at London 
that it is at Bengal or Kamtsrhatka. The needle 
is continually traversing slowly towards the east 
and west. 

This suhject was first attended to by Mr. 
Burrows, about the year 1580, and he found 
tliv variation then, at London, about 11° 11' 
cast. In the year 1657, the needle pointed due 
north and south : since which the variation has 
been gradually increasing towards the west, 
and in the yoar 1803, it was equal to something 
more than 24° west, and was then advancing 
towards ttic same quarter. 
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ChaHii. That is at the rate of something 
■ore than ten minutes each year. 

Tutor. It is ; but the annual variation is not 
R^^lar; it is more one year than another. It 
is different in the several months, and even in 
ike hours of the day. 

James. Then if I want to set a ^lobe due 
Borth aud south, to point out the stars by, I 
■ut move it about, till the needle in the com- 
pan points to 24"* west. 

Tutor. Just so : and mariners, knowing this, 
ire as well able to sail by the compass, as if it 
fointed due north. 

CharUs. Tou mentioned the property which 
fte needle had of dippings after the magnetic 
fliid was communicated to it : is that always 
tkesameZ 

TSitor. It probably is, at the same place : it 
was discovered by Robert Norman, a compass* 
aaker, in the year 1576, and he then found it 
to dip nearly. 72^, and from many observations 
made at th& Royal Society, it is found to be the 
same. 
Jatnes. Does it differ in different places ? 
Tutor. Yes. In tiie year 1773, observations 
were made on the subject, in a voyage toward 
the north pole, and from these it appears that 

In latitude 60° 18' Uie dip was 75^ C 

70 45 77 52 

80 12 81 52 

80 27 82 2i 
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I will show you an experiment oii tbb m 
ject. Here is a magnetic bar^ and a small i 
ping needle : if I carry the needle, sugpem 
freely on a piTot^ from one end of the magiu 
bar to the other, it will, when dii'ectly ove^ 
south, pole,, settle directly perpendicular to 
the north end being next to the south pole, 
the needle is moved, the dip grows less i 
less, and when it comes to the magnetip ceni 
it will be parallel to the bar ; afterwards 
south end of the needle will dip, and Whei 
comes directly over the north pole^ it^will 
again perpendicular to the bar. 

The following facts are deserving of rec 
lection. 

1. Iron is the only body capable of being 
fected by magnetism. 

£. Every magnet has two opposite poii 
called poles. 

3. A magnet freely suspended arranges \U 
so that these poles point nearly north and sou 
Tins is called the directive property^ or polar 
of the magnet. 

4. When two magnets approach each oth 
the poles of the same names^ that is, both nor 
or both south, repel each other. 

5. Poles of different names attract each oth' 

6. The loadstone is an iron ore naturally p< 
sessing magnetism. 

7. Magnetism may be communicated to ii 
and steel. 



f 
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S. A ateel needle rendered magnetic^ and fit- 
up in a box, so as to move freely in any 

ioDf conatitutes the mariner's compass. 
CharU$. I think there is a similarity between 

ity and magnetism. 
Tutor, Ton are right ; there is a considera- 
analogy, and a remarkable difference also 
een magnetism and electricity. 
EiJBCTBiciTY is of -two sorts, positive and 
ative; bodies possessed of the same sort of 
icity^ repel each other, and those possessed 
diBbrent sorts attract each other. — In Mag- 
TisMy every magnet has two poles ; poles of 
same name repel each otiier, and the con- 
ry poles attract each otiier. 
In Electricitt, when a body, in its natu- 
state, is brought near to one that is electri- 
f it acquires a contrary electricity, and be^ 
es attracted by it. — In Magnetism, when 
iron substance is brought near one pole of a 
et, it acquires a contrary polarity, and 
mes attracted by it. 
One sort of electricity cannot be produced by 
If. In like manner, no body can have only 
ne magnetic pole. 

The electric virtue may be retained by elec- 
tricsy but it pervades conducting substances. 
The magnetic virtue is retained by iron, but it 
pervades all otlier bodies. 

On the contrary : the magnetic power differs 
from the electric^ as it does not affect senses 



The electric virtue resides on the at 
electrified bodies, but the magnetic is i 

A magnet loses nothing of its power 
netizing bodies, but ^n electrified boi 
part of its electricity by electrifying o 
dies. 
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CONVERSATION XXVlL 



INTRODUCTION. 



The early Histoiy of Electricity. 

TUTOR. If I rub pretty briskly with my 
ind this stick of sealing-wax, and then hold 

near any small light substances, as little 
eces of paper, the wax will attract them; 
at is, if the wax be held within an inch or 
ore of the paper^ they will jump up, and ad-* 
)re to it 

Charles. They do; and I think I have heard 
m call this the effects of electricity, but I do 
it know what electricity is. 
Tutor. It is the case with tliis part of science 
I with many others, we know it only by the 
fects which it produces. As I have not hitiier^ 
« in these conversations, attempted to bewil- 
IV your minds witli useless theories, neither 
lall I, in the present case, attempt to say what 
le electrical fluid is: its action is well known; 

seems diffused over every portion of matter 
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"With which we are acquainted^ and^ by the u 
of proper methods, it is as easily collected fro 
surrounding bodies as water is taken from 
river. 

James. I see no fluid attaching to the sei 
ing-wax when you have rubbed it. 

Tutor. Tou do not see the air which y 
breathe, and with which you are surrounde 
yet we have shown you"^ that it is a fluid, ai 
may be taken from any vessel, as certsdn] 
though not with so much ease, as water mi 
be poured from this glaas. With the exerci 
of a small degree of patience, you shall s 
such experiments as will not fail to convin 
you that there is as certainly a fluid, which 
called tlie electric fluid, as there are such floi 
as water and air. 

Charles. Water must have been known sin 
the creation, and the existence of the air coo 
not long remain a secret, but who discover 
the electric fluid, which is not at all evident 
the sense either of sight or feeling ? 

Tutor. Thales, who lived six centuries 1 
fore the Christian era, was the first who o 
served the elertrical properties of amber, ai 
he was so struck with the appearances, that I 
supposed it to be animated : 

Bright amber shines on his electric throne, 
And adds ethereal lustre to his own. 

DARWx^r. 

* See Vol. n. 
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ss. Does amber attract Ught bodies like 

dr. Yesy it does; and. there are many 
lubstancesy as well as these^ that have the 
)ower. After Thales, the first person we 
f that noticed this subject was Theophras- 
i^ho discovered that Ummudin has the 
of attracting light bodies* It does not^ 
er, appear that the subject, though very 
s, excited much attention till aboqt 200 
agOy when Dr. Gilbert, an English phy- 
, examined a great variety of substances^ 
. view of ascertaining how far they might 
;ht not be ranked among electrics, 
rles. What is meant by an electric f 
or. Any substance being excited or rub« 
'' the hand, or by a woollen cloth, or other 
, and having the power of attracting liglit 
, is called an dectric. 
xs» Is not electricity accompanied with a 
\r kind of light, and with sparks ? 
or. It is, of which we shall speak more 
;e hereafter: the celebrated Mr. Boyle is ' 
;ed to have been one of the first persons 
^t a glimpse of the electrical light, or 
eems to have noticed it, by rubbing a 
nd in the dark. But he litfle imagined, 
i; time, what astonishing efibcts would af- 
*ds be produced by the same power. Sir 
Newton was the first who observed that 
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excited glass attracted light bodies on the 
opposite to that on whicli it was rubbed. 

Charles. How did hd make the discover} 

Tutor. Having laid upon the table a n 
piece of glass^ about two inches broad, : 
brass ring, b j which it was raised from the t 
about the eighth of an inch, and then rub! 
the ^assy some little bits of paper which ^ 
under it were attracted by it, and moved ' 
nimbly to and from the glass. 

Charles. I remember standing by a gla 
when he was cementing, that is, rubbing • 
aome window-lights witii oil, and cleaning i 
with a stiff brush and whiting, and the ] 
pieces of whiting, under the glass, kept C( 
nually leaping up and down, as the brush m* 
over the glass. 

Tutor. That was, undoubtedly, an ele 
cal appearance, but I do not remember ha 
ever seen it noticed by any writer on elect 
ty. A complete history of this science is g 
by Dr. Priestley, which will, hereafter, a1 
you much entertainment and interesting 
struction. To-morrow we shall enter intc 
practical part of the subject : and I doubt 
that the experiments in this part of sci 
will be as interesting as those in any o 
which you have been studying. The elei 
light, exhibited in different forms ; the vai 
signs of attraction and repulsion acting oi 
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bodies ; the electric shocks and the explosion 
the batteryi will give you pleasure^ and exci 
your admiration. 



CONVERSATION XXVIII. 



of Electric Attiactioii and Rqiulaon— Of Electrics an 

Conductors, 

Tutor. Ton mnst for a little time, that j 
till we exhibit before you experiments to pro 
it, take it for granted that the earth, and \ 
bodies with which we are acquainted, contain 
certain quantity of exceedingly elastic and pen 
trating fluid, which philosophers call the ek 
trie fluid. 

Charles. Tou say a certain quantity: is 
limited ? 

Tutor. Like other bodies, it undoubtedly h 
its limits ; this glass will hold a certain qua 
tity of water, but if I attempt to pour into 
more than that quantity, a part will flow ovi 
So it is with the electric fluid : there is a cc 
tain quantity which belongs to all bodies, ai 
this is called their natural quantity, and so loi 
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as a body contains neither more nor less thtt . 
this quantity, no sensible effect is produced^ 

James. Has this table electricity in it ? 

7}utor. YeSf and so has the inkstand, and 
every thing else in the room ; and if I were to 
take proper means to put more into It than it 
now has, and you were to put your knuckle to 
it, it would throw it out in the shape of sparts. 

James. I should like to see this done* 

Charles. But what would happen if you should 
take away some of its natural quantity ? 

Tutor. Why then, if you presented any part 
of your body to the table, as your knudkley a 
spark would go from you to the table. 

James. But, perhaps, Charles might not have 
.more than his natural share, and in that case 
he could not spare any. 

Tutor. True; but to provide for this, the 
earth on which he stands would lend him a 
little to make up for what he parted with to the 
table. 

James. This must be an amusing study ; I 
think I shall like it better than any of the others* 

Tutor. Take care that you do not pay for the 
amusement before we have done. 

Here is a glass tube about eighteen inches 
longy and perhaps an inch or more in diameter; 
I rub it up and down quickly in my hand, which 
is dry and warm, and now I will present it to 
these fragments of paper, thread, and gold-leaf: 
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jm Me they all move to it. That is called elec- 
Irical attraction. 

Charles, They jump back again now^ and 
Miw they return to the glass. 

2Vitor. They are, in fact, alternately attracted 
ud repelled, and this will last several minutes 
if the glass be strongly excited. I will rub it 
again; present your knuckle to it in several 
prtsy one after another. 

James. What is that snapping ? I feel like- 
wise something like the pi-icking of a pin. 

Tutor. The snapping is occasioned by little 

5 arks which come from the tube to your knuc- 
e, and these give the sensation of pain. 

Let us go into a dark room^ and repeat the 
operiment. 

Charles. The sparks are evident enough now^ 
but I do not know where they can come from. 

Tutor. The air, and every thing is full of the 
floid which appears in the shape of sparks ; and 
whatever be the cause, which I do not attempt 
to explain, the rubbing of the glass with the 
hand collects it from the air, and having now 
more than its natural share, it parts with it to 
you, or to me, or to any body else that may be 
near enough to receive it. 

James. Will any other substance besides the 
hand, excite the tube ? 

Tutor. Tes, many others, and these, in this 
science^ are called the rubbers ; and the glass 
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tube, or whatever is capable of being thus e: 
citedy is called an electric* 

Charles. Are not all soiiB of solid substano 
capable of being excited ? 

Tutor. Tou may rub this poker, or the roui 
ruler for ever, without obtaining an electr 
spark from them. 

James. But you said one might get a spai 
from the mahogany table^ if it had more thi 
its share. 

Tutor. So I say you may have sparks fro 
the poker, or ruler, if they possess more thi 
their common share of the electric fluid. 

Charles. How do you distinguish betwei 
bodies that can be^ and those that cannot b 
excited ? 

Tutor. The former, as I have told you, ai 
called electrics^ as the glass tube; the UAtt 
sucli as the poker, the ruler, your body, and 
thousand other substances, are denominate 
conductors. 

Charles. I should be glad to know the reasc 
of the distinction, because I shall be more like! 
to remember it. 

Tutor. That is right : w hen you held yoi 
knuckle to tlic glass tube, you had sever 
sparks from the different parts of it : but if 
by any means, overcharged a conductor, as th 
l)()ker, all the electricity will come away at 
single sparky because the superabundant quai 
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ty flows instantaneously from every part to 
at point where it has an opportunity of getting 
NBj. I will illustrate this by an experiment, 
nt first of ail, let me tell you^ that aU dedrics 
*e called also non-conductors. 
James. Do you call the glass tube a non-^on- 
leior because it does not suffer the electric 
lid to pass from one part of it to another ? 
Tutor. I do: — silk^ if dry, is a non-conduct- 
'• With this skein of sewing-silk^ I hang the 
iker or other metal substance a (Plate yii. 
ig. 1.) to a hook in the ceilings so as to be 
K)ut twelve inches from it ; underneath^ and 
)BT the extremity, are some small substances, 
bits of paper, &c. I will excite the glass 
be, and present it to the upper part of the 
iker. 

Charles. They are all attracted, but now you 
ke away the glass they are quiet 
Tutor. It is evident that the electric fluid 
issed from one part of the tube through the 
ker, which is a conductor^ to the paper, and 
tracted it: — ^if the glass be properly excited, 
lu may take sparks from the poker* 
James. Would not the same happen if an- 
her glass tube were placed in the stead of the 
ker? 

TtUor. Tou shall try« — ^Now I have put the 
ass in the place of the poker, but let me exQite 
e other tube as much as I will, no efiect can be 
F 
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produced on the paper :— (here are no aigM 
electrical attraction, which shows that the d 
trie flaid ivill not pass throagh e^aaa* 

Charles. What would have l^penjod if i 
conducting substances had been used, idmifi 
silk, to suspend the iron poker ? 

Tiriar. U I had suspended the PPker ^ 
moistened hempen stringy the electiic flnid ira 
have all passed away through that, aiiq ti^ 
would I^ye been nQ (or very trifljiiig) tyipe 
ances of electricity at the end of tiie pokeb^ 



Toil mt^ va^ thefie experiments tifl 1 
make yoursdves perfect with regard tg tif^ 
tinction between electrics and condocton. gf 
ing-wax is an electric, and may be excit^ 
well as a glass tube, and will produce simi 
effects. I wOl give you a list of eUctricMf f 
another of conductors, disposed according to 
order of their perfection, beginning in each 1 
with the most perfect of their class : thus {ji 
is a better decUic than amber, and gold a bet 
conductor than silver. 
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TABLE. 



ilLECTBICS. 

all kinds. 

iou8 stones, the most 

arent the best 



008 substances. 

all kinds. 

cotton. 

emal substances, as 

rsy woc^ and hair. 

laf sugar. 

n quite dry. 

metallic oxides.* 

animal and veg^etable 

nces. 

d stones* 



CONDUCTORS. 

All the metals, in the follo\iE- 

ingcnder: 
Gold^ ulver; 
Copper; platina; 
Brass; iron; 
Tin; quickalver; 
Lead. 

The semi-metals.* 
Metallic cnes.* 
Chancoal. 

The fluids of an ammal body. 
Water, especially salt watn* 

and other fluids, except 

oil. 
Ice, snovr. 

Kost saline substances. 
Elarthy substances. 
Smoke; steam, and even a 

vacuum. 



, and other chemical terms, are explained and fiuni* 
istrated in a work just published, by the author of 
itific Dialogues, entitled **IHalogw» in Qhanistryi** 
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CONVERSATION XXIJ. 



Of the Electrical Madune. 

Tutor. I will now explain to yon tbe c 
struction of the electrical machine^ and si 
you how to use it. 

Charles. For what purpose is it used 7 

Tutor, Soon after the subject of the eled 
fluid engaged the attention of men of sciei 
they began to contrive the readiest metboda 
collecting large quantities of it. By mbb 
this stick of sealing-wax, I can collect a sn 
portion : if I excite or rub the glass tube, I 
still more. The object, therefore, was, to i 
out a machine by whicli the largest quanti 
can be collected, with as little trouble and 
pense as may be. 

James. You get more electricity from 
tube than from the sealing-wax, because 
five or six times as large : by increasini 
size of the tube, you would increase the i 
tity of the electric fluid, I should think. 

Tutor, That is a natural conclusion, 
you look to the table of electrics, which I 
out yesterday, you will sec that had th 
been as large as the glass tube, it wot 
have collected so much of the electric fit 
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» in its own nature^ it is not so good an 

ic. 

irles. By the table, glass stands as the 

perfect electric, but there are several sub- 

18 between it and wax, all of which are, I 

e, more perfect electrics than wa$. 

5or. They are: Electricians, therefore^ 

hesitation as to the nature of the sub- 
^ : they fixed on glass, which being easily 

1 and run, or blown into all sorts of forms^ 
that account, very valuable. 

3 most common form that is now used is 
r a glass cylinder^ from five or six inches 
meter to ten or twelve; Here is one com- 
f fitted up (Plate vii. Fig. 2.) the cylin- 
B is about eight inches in diameter, and 
) or fourteen in length : this I turn round 
frame-work, with the handle d c. 
Its. What is the piece of black silk k for ? 
or. The cylinder would be of no use with- 
rubber, you know : on which account you 
B glass pillar r s, which, being cemented 
piece of hard wood, is made to screw in- 
bottom of the machine ; on the pillar is 
lion, to which is attached a piece of black 

rles. And I perceive the cushion is made 
ss very hard against the glass. 
or^ This pressure, when the cylinder is 
\ round fast, acts precisely like the rub- 



ruDDcr 18 nxeu uii it gi«m» piiiary anu gi 
not conduct the electric fluid. 

Charles. Nevertheless it does, by 
round, show some signs of attraction. 

Tutor. Every body in nature with w 
are acquainted possesses a portion of tl 
and therefore the signs which are now 
arise from the small quantity which e 
the rubber itself, and the atmosphere 1 
mediately surrounds the machine. 

Charles. Would the case be different 
rubber were flxed on a conducting sul 
instead of glass ? 

Tutor. It would ; but there is a muc! 
method: I will attach one end of thi 
chain to the cushion at r, which being 
feet long, lies on the table, or on the fl< 
this you know is connected, by means i 
objects, with the earth, which is the gi 
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James. It is indeed very po^reifol. ^liat a 
rackling noise it makes ! 

Tutor. Shut the window-shatters. 

Charles. The appearance is yery beautifal : 
le flashes from the silk dart all round the 
flinder. 

Tutor. I will now bring to the cylinder the 
in conductor li, which is ako placed on a glass 
illar, v N^ fixed in the stand at f. 

James. What are the points in the tin con- 
nctor for? 

Tutor. They are intended to collect the fluid 
rom the cylinder. I will turn the cylinder^ and 

yon hold your knuckle within four or five 
iches of the conductor. 

Charles. The painful sensations which these 
parks occasion^ prove that the electric fluid is 
very powerful agent, when collected in large 
Hantities. 

Tutor. To show you the nature of conducting 
idiesy I will now throw another brass chain 
rer the conductor, so that one end of it may 
t on the floor. See now if you can get any 
larks, while I turn the machine. 

Janus. N05 1 can get none, put my knuckle 

1 near to it as I will. — Does it all run away 
Y the chain 7 

Tutor. It does ; a piece of brass or iron wire 
onld do as well ; and so would any conducting 
ibstance, which touched the conductor with 
06 end, and the floor with the other : your body 

o 2 
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it may be conyeyed away again by means of 
9tber conductors. 

TSUar. Whatever body is supported^ or pre- 
rented from touching the earthy or commnni- 
cating with it^ by means of glass or other iton- 
conducting substances^ is said to be insulated^ 
Thus a bMy suspended on a silk line is insu- 
lated* and so is any substance that stands on 
^assp or resin, or wax, provided that these are 
in a dry state, for moisture will conduct away 
the electric fluid from any charged body. 



CONVERSATION XXX. 



Of the Electrical Blachine. 

Charlts. What is that shining stuff which 1 
saw you put to the rubber yesterday ? 

Tttlor. It is called amalgam : the rubber, by 
tself, would produce but a slight excitation: 
ts power, however, is greatly increased by lay- 
ng upon it a little of this amalgam, which is 
nade of quicksilver, zinc, and tinfoil, with a 
ittle tallow or mutton suet. 



164 '/"^■' 

Jlamalir It there any avt required in 
tbifl MBilgUB? 

TiUor. Wbwi the nibbei- and silk t 
▼ery clean uid dry, and in thfir place, 
spread k Uttte <>f the amalgam upon a 
leather^ ami ifply it to the upper (tai-t c 

Slass cylindeiv while it is revolving I'rom yoa| 
7 this mean^ particles of the amalgam will bl 
curled hy the ^ass itself to the lower part M 
the mbber» and will increase tlie excitation. 4 

Chatkt. Ithink 1 once saw a globei insteM 
of a cylinder, for an electrical machine. ^ 

TtUor, Tos might : globes were used befopi 
cylindersi batthe latter are the most convenieal 
of the two. Tlie most ])owcrfiil electrical ma- 
chines are fitted with Sat plates of glass. || 
our experimentB, ne shall be content with tfai 
cylinder, which will answer every purpose 4 
explaining the piinciples of the science. ^ 

Jama. As I was able to conduct the electii 
city from the tin conductor to the ground^ i 
I likewise act the part of the chain, ' 
ing the fluid from the earth to the c 

Tutor. Undoubtedly : I will takeoGrthechaU 
and now do you keep your hand on the cnshlM| 
while I turn thr^ handle. ] 

Jamu. I see the machine works aa wellal 
when the chain was uu the ground. 

Tulor. Keep your present position, but staod 
on the sbxd with glass legs ; by which meuM 
there is now all communication cut off betweU 



ground, caI^I 
n, hy condud 
B cushion 7 ] 
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cashion and the earth ; in other words, the 
hion is completely insulated, and can only 
.6 from you what electricity it can get from 
ir body. Go, Charles, and shake hands with 
jr brother. 

Dharks^ It does not appear that the machine 
1 taken all the electricity from him, for be 
re me a smart spark. 

Tutor. Tou are mistaken ; he gave you no- 
ng, but he took a spark from you. 
Charles. I stood on the ground ; I was not 
ctrified : how then could I give him a spark 7 
Tutor. The machine had taken from James 
I electricity that was in bis body, and by 
.nding on the stool, that is, by being insu- 
ed, he had no means of receiving any more 
im the earth, or any surrounding objects ; the 
iment, therefore, you brought your hand near 
D, the electricity passed from you to him. 
Charks. I certainly felt the spark, but whether 
went out of, or entered into, my hand, I can- 
i tell : have I then less than my share now ? 
Tutor. No : what you gave to your brother 
IS supplied immediately from the earth. Here 
another glass-legged stool ; do you stand on 
is, but at the distance of a foot or two from 
ur brother, who still keeps his place. I take 
3 electricity from him by turning the machine, 
d as he stands on the stool, he has now less 
m his share. But you have your natural 
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share : becaoHe though you also a 
yet you are out of the inOuence of 1 
extend, therefore, your tiand, and 
part of the electi-ic fluid that is in 

Charles. I have given Jiiin a spa 

Ttifor. And being youi'self in 
have now less than your natural 
supply which you shall have son 
give me your hand. You draw it 
my touching it ! 

Charles. 1 did ; but it was near ( 
a strong spark from you. 

Tutor. When a person has hi 
than his natural share, he is said i 
fied minus, or negatively i but if 
than hi9 natural share, he is said i 
fied plus, or positively. 

James, Then befoi-e Charles ^ 
spark, I was elei:tnfied minus; a 
had given it to mc, he was minus t 
ed it from you. 

Tmtor, That is right. Suppose ; 
a stool and hold the rubber, and C 
on another stool, and tourli tlie prii 
1,, while I turn the machine, whici 
be plus, and whirli minus elcctritic 

James. I sbail he minus, becau: 
the rubber: and Charles will be p 
he receives from the conductor wli 
the rubber, and which is carried by 
to the conductor. 
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)tor. Tou then have less than yonr share, 
jToar brother has more than he ought to 
Now if I get another glass-legged stool, 
take from Charles what he has too much, 
^ve it to you who have too little, 
arles. Is it necessary that you should be 
ited for this purpose ? 
itor. By being insulated I may perhaps 
' back to James the very electricity which 
d from him to you. But if 1 stand on the 
id, the quantity which I take from you 
lass into the earth, because I cannot, un- 
! am insulated, retain more than my natu- 
lare. 

nes. And what is given by you to me is 
ise instantaneously supplied by the earths; 
tor. It is. Let us make another experiment 
)W that the electric fluid is taken from the 
• Here are some little balls (Plate vii. 
3.) made of the pith of elder : they are 
a thread, and being very light, are well 
ed to our purpose. 

lile the chain is on the cushion, and I work 
lachine, do you bring the bsdis near the 
ictor by holding the thread at d. 
nes. They are attracted by it, and now 
vo balls repel each other, as in the figure 

tor. I ought to have told you, that the up- 
art D of the line is silk, by which means 
now the balls are insulated, as silk is a 
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iHMK HE I into tte idffte iff fMMi 
cosbioiH um Mtit OB flie ieopdMlirr m^ ■! 
hug on tiie growrii wbUo liaMrllMlwadM 
WiUthoboHibooiltetodMirjiryipr ~'^ 
to the coodocterl ':.* n :fi 

2Wor. Take them to til* coiAbHii^^ SiMs 

Olbofief. They'ttt altracled o»4ikp«9iiil 
by bdnr brMgbt oiMV thocoghioPri» < ii ^ f | < 
teforOf ^7 being canied to the 

Tutor, Tesp ond yon^My iMw 
from the eashion to yod fid Jnet M# 
4^ndactor : in both eoMSr It moirt- 
the electric flnid is brought from the* 

Some machinoB are furnished with 
ducUrs, one of which is connected -wMM 
cushiony the other such as we have deaesll 
Turn the cylinder^ and both conductors wU 
elei^trified ; but any body which is brought WJ 
in the influence of these, will be atteaded 
one of the conductors, and repelled by the oth 
and if a chain or wire be made to connect 
two together, neither will exhibit any defll 
appearances : they seem, therefore, to be in < 
posite states ; accordingly electricians say^ 41 
the conductor connected with the coshion 
negatively electrified, and the other is posfittf^ 
electrified. 
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CONVERSATION XXXL 



O^ filectrical Attraction and Repuhioa. 

nts. What is this large roll dP sealing-wax 

tor. As I mean to explain, this mornings 
•rinciples of electrical attraction and re- 
in, I have, besides the electrical machine, 
;ht out for use a roll of sealing-wax, which 
Hit fifteen inches long, and an inch and a 
er in diameter ; and the long glass tube. 
irksm Are they not both electrics, and ca- 
of being excited i 

tar. They are; but the electricity pro- 
[ by exciting them has difibrent or contrary 
rties, 

nes. Are there two kinds of electrics then I 
tor. We will show you an experiment be- 
ve attempt to give any theory. — I will ex- 
lie glass tube, and Charles shall excite the 

Now do you bring the pith-balla, which 
nspended on silk (Fig. 3.) to the tube. 

are suddenly drawn to it, and now they 
epelled from one another, and likewise 
the tube, for you cannot easily make them 

it again :— ibut take them to the excited 
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JanUM. The wax attracts tlie 
ftiliy : now they fall together aga 
in the same state as they were 
were hrought to the excited tuhe 

Tutor. Repeat the expertmi 
again, becaiue on this two dif 
have been formed. One of whic 
are two electricities, called hjr 
phers the vitreous or positive c 
resinous or negative electricity. 

Charlea. Why are they calle 
retifums ? 

Tutor. The word vUreous is 1 
niKes any ^Ia««y substance ; and 
nout is used to denote that the 
duced by resins, wax, &c. posf 
qualities from that produced by 

James. Is it not natural to sup 
are two electricities, since the e 
tracts the very same bodies that tl 
repels ? 

Tutor. It may be as easily exp 
posing that every body, in its 
possesses a certain quantity of th 
and if a part of it be taken away 
to get it from other bodies ; or if i 
upon it than its natural quanti 
readily to other bodies that comi 
fluencc. 

Charles. I do not understand I 

Tutor. If I excite this glass tu 
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which it exhibits is supposed to come from 
[land ; but if I excite the roll of wax in the 
3 way, the effect is, according to this the- 

that a part of the electric fluid naturally 
nging to the wax, passes from it through 
iiand to the earth : and the wax being sur- 
ided by the air, which, in its dry state, is a 
conductor, remains exhausted, and is ready 
.ke sparks from any body that may be pre- 
3d to it* 

,mes. Can you distinguish that the sparks 
3 from tlie glass to the hand ; and, on the 
rary, from the hand to the wax ? 
iton No : the velocity with which the elec- 
spark moves, renders it impossible to say 
t course it takes ; but I shall show you other 
riments which seem to justify this theory : 

as Nature always works by the simplest 
as, it seems more consistent with her usual 
ations, that there should be one fluid rather 

two, provided that known facts can be 
lly well accounted for, by one as by two. 
iartes. Can you account for all the leading 

by either theory ? 
\Uor. Yes, we can. 
)u saw when the pith-balls were electrified, 

repelled one another. It is a general prin- 
! in electricity that two bodies having more 

their natural share of the electric fluid, 
repel one another. But if one have more, 
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and the other less, than its share, they will at' 
tract one another. 

•/antes. How ia this shown I 

Tutor. I will hold this hall, which is insi 
«d* by a silk tlii'ead, to the conductor, 
yoa* Charles, do the same with the utlier. 
us now bring them together. 

Charles. No, we cannot : they fly from 
another. 

Tutor, I will hold mine to the insulata 
cnshion, and you shall hold yours to the o«| 
ductor while the machine is turned ; now I si^ 
pect they will attract one another. 

James. They do indeed. 

Charles. The reason is this ; that the cnshioni 
and whatever is in contact with it, parts vi%\ 
portion of its electricity ; but the conductor 
and the adjoining bodies, have more than 
share ; therefore, the ball applied to thecusi 
being negatively electrified, will attract tbfl 
connected with the conductor, which is 
tively electrified. ri 

Tutor. Here is a tuft of feathe.ni, wbidi'] 
stick in a small hole in the conductor : now 4 
what happens when I turn the cylinder. & 

James. They all endeavour to avoid en 
other, and stand erect, in a beautifal manna 
Let me take a spark team the conductor: m 
they fall down in a moment. 

Tutor. When I turned the wheel they al].J«M 
more than their share of tbe electric fluid. Ml 
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lierefore they repelled one anotber, bat the 
loment the electricity was taken away^ they 
dl into their natural position; A large plume 
f feathers^ when electrified^ g^ws beaotirully 
Bisid^ expanding ita fibres in all directions^ 
md they collapse when the electricity is taken 



James. Could you make the hairs on my head 
epd one another ? 

TMor. Yes, that I can. Stand on the glass- 
Bgged stoolf and hold the chain that hangs on 
he conductor^ in your hand, while I turn the 
lachine. 

Charlrs. Now your hairs stand all an end. 

James. And I feel something like cobwebs 
wer my face. 

Tutor. There are, however, no cobwebs, but 
iat is the sensation which a person always ex* 
eriences if he be highly electrified. Hold the 
ith-bal], Charles, near your brother's face. 

James. It is attracted in the same manner as 
: was before with the conductor. 

Tutor. Hence you may lay it down* as a ge- 
eral rule, that all light substances coming with- 
1 the influence of an electrified body, are at- 
Cttcted by it whether it is electrified positively 
r negatively. 

Charles. Because they are attracted by the 
ositive electricity to receive some of the su« 
erabundant quantity ; and by the negative, to 
ive away some that they possess. 
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TaUt. Snst ao : and when they hare rtecivM 
fid u BBcb as they can contain, tite; an IM 
pelkd bj tbe electrified body. The sanie tbiM 
may be ehown in voi-ious ways. Having e 
cited thia giaas tube, eitlier by drawing it fl 
TWtl tines through my liand, or by meaiia^ 
8 piecB of flannel, I will bring it near thia ami 
featber. -See how quickly it jumps to the gla 

JanUM. It does, and sticks to it. 

Tutor, You will obaerve, that after a mina 
or two. It will have taken as much electricil 
. from tte tube as it can hold, when it will sa 
denly be repelled, and jump to the nearest CiH 
ductor; kpon which it will discharge the ui^atf 
abundant electricity that it has acquired. 

Jamei. I see it is now going to tbe groundir 
that being the nearest conductor. 

Tutor. I vril) prevent it kj holdia|f the eleib 
trifled tube faetweeD it and the flodr, Tiia ■>. 
how unwilling it ifl to coibb agun )n coAUft 
with the tube : by pOnaiBg, I can drive k nlM* 
I please without tnuching iL. 

CharUs, That ia.. becaaae th* |^aiB.«il'tt* 
feather are hoUi loaded witlrAe Ban«ideGtiidl|K 

Tutor. Let On foatker tonck the ^tWitid^iCffi 
any other conductor,, and yon irilliBM " - "" 
will jump to the tube as fast as it 

I willB(iBpetidtbis.'bnaa-plate,«Wchteahairt 
five inches in diaaaeter.. to tfaO' ooBdaAetviai 
at the distaace of tfiree or fam Jnclna beMwi 
will place some 
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ito the figures of men and women. Theylie 

quiet at present; observe their motions as 

as I turn the wheel. 

ntes. They exhibit a pretty country dance ; 

jump, up to the top plate^ and then down 

I. 

itor. The same principle is evident in all 

experiments. The upper plate has more 
its own share of the electric fluid, which 
cts the little figures : as soon as they have 
ved a portion of it^ they go down to give it 
e lower plate; and so it will continue till 
pper plate is discharged of its superabun^ 
quantity. 

¥ill take away the plates, and hang a chain 
le conductor, the end of which shall lie in 
*al folds in a glass tumbler ; if I turn the 
line, the electric fluid will run through the 
1, and will electrify the inside of the glass. 

done, I turn it quickly over eight or ten 
1 pith-balls, which lie on the table. 
larles. That is a very amusing sight ; how 
jump about ! They serve also to fetch the 
ricity from the glass, and carry it to the 
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utor. If, instead of the lower metal plate^ 
Id in my hand a pane of dry and very clean 
9, by the corner, the paper figures or pith- 
r will not move, because glass being a non- 
locting substance, it has no power of carrv- 
Eiway the superabundant electricity from the 
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J late suspended from the conductor. Bo 
old the glass flat in my hand, the figure 
be attracted and repelled, which shows thi 
electric fluid will pass through thin glass. 

Take now the following results, and cc 
them to your memory. 

(1.) If two insulated pith-balls, be br 
near the conductor, they will repel each i 

(2.) If an insulated conductor be conn 
with the cushion, and two insulated pith 
be electrified by it, they will repel each < 

(3.) If one insulated ball be electrified h 
prime conductor, and another by the cond 
connected with the cushion, they will ai 
each other. 

(4.) If one ball be electrified by glass 
another by wax, they will attract each otii 

(5,) If one ball be electrified by a smooth 
another by a rough excited glass tube, the^ 
attract one another. 



CONVERSATION XXXII. 



of Electrical Attraction and Repulsion. 

"tutor. I will show you another instant 
two of the efiects of electrical attraction an 
pulsion. 
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This apparatus (Plate tii. Fig. 4.) consists 
<tf three bells suspended from a brass- wire^ the 
two outer ones by small brass chains ; the middle 
belly and the two clappers x x, are suspended 
on silk. From the middle bell there is a chain 
Ky which goes to the table, or any other conduct 
iDg substance. The bells are now to be hung 
by c on the conductor, and the electrical mai 
chine to be put in motion. 

James. The clappers go from bell to bellj 
and make very pretty music : how do you ex< 
plain this ? 

Tutor. The electric fluid runs down the chaini 
n and b to the bells a b, thelse having more thai 
their natural quantity, attract the clappers xx 
which take a portion from a and b, and carr;j 
it to the centre bell n, and this, by means of tiki 
chain, conveys it to the earth. 

Charles. Would not the same effect be pro 
duced if the clappei's were not suspended oi 
sUk? 

Tutor. Certainly not: nor will it be pro 
duced if the chain be taken away from the be! 
IT, because then there is no way left to carry oi 
the electric fluid to the earth.* 

Another amusing experiment is thus shown 
Let there be two wires placed exactly one abov 
another, and parallel ; the upper one must b 
suspended from the conductor, the other is t 
communicate with the table. A light imag 
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idMtdlMMwcn tliesG will, wlicii the condadj 
» elsctrUM* Hj^ear like a rape-ilBHcer. •*• 

IMa plecA ot leaf brass is rHiIrd Dh; (fn^ 
jU&l«gi»eild is a soit oC obtuno angle, tfaeoth 
it linile i ' if file large end be presented ton-u 
tfif risctrftad conductor, it will fix tu it, u 
froni ma wavering motion, it will ajipcar toi 
•niinated. 

TUa property of attraction and i-epnlriion In 
lad to'iOuy inventions oi' i n^tiiinients caUl 



Jitmu. Is not an electrometer a machioa^ 
netihin tbe strength of the electricity ? 
■ ■■Tatof. fvd; and this ia one of the nxH 
aimple^ (PUte vii. Fig. 5.) and it depends ei 
tirely vpon ttie repulsion which takes place 111 
tween two bodies in a state of electrificatioB. I 
consists of a light rod and a pith-bal), baogbi 
parallel to the stem, but taming on the ceatr 
of a semicircle, so urto keep close to its mdi 
ated limb. This ia to be placed in t hole a at 
the conductor t^ and according as the coadaci 
or is more or less electrified^ the ball irill l| 
farther from the stem. 

Charles. If the circular part be marked witi 
degrees, you may ascertain, 1 suppose, prett; 
accurately, the strength of any given charge. 

Tutor. Tes, you may ; but you see how te 
the air carries away the electricity, it acanal 
remains a single moment in the place to whici 
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it was repelled. Two pith-balls may be sus- 
pended parallel to one another^ on silken 
threads, and applied to any part of an electri- 
cal macbine, and they will, by their repulsion, 
serve for an electrometer, for they will repel 
Me another the more, as the machine acts more 
powerfully. 

Jamts. Has this any advantage over the 
other? 

Tutor* It serves to show whether the elec- 
tricity be negative or positive ; for if it be po- 
sitive, by applying an excited stick of sealing- 
Wax, the threads will fall together again ; but 
if it be negative, excited sealing-wax, or resin, 
or sulphur, or even a rod of glass, the polish of 
which is taken off, will make them recede 
farther. 

We have now perhaps said enough respecting 
electrical attraction and repulsion, at least for 
the present i I wish you, however, to commit 
the following results to your memory. 

(1.) Bodies that are electrified positively re-* 
M each other. 

^ (2.) Bodies that are electrified negatively re- 
(d each other. 

Charles* Do you mean, that if two bodies 
have either more or less of the electric fluid 
I than their natural share, they will repel each 
I other if brought sufficiently near ? 

Tutor. That is exactly what 1 mean. 

(3.) Bodies electrified by contrary powers ; 
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flwi m^ tM btMlics, one having mare, and4i 
«tUtMm tlMUl its natural stiare, attract ed 
outer teiy ritt^hgly, •< 

(4.) B»dl^>liat are electrified attract I 
•abatanctb VMch are not electrified. 

T%flM '«*s iBlicts which, 1 trust, have I 
made evident to your senses. To-moiTow H 
ma iMei^e mh&t is usually called the Leylq 
phi&I. '* 
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W the Lejden Phial op Jar, 

Tutor. I vill take away the wires and C 
bail from the conductor, and then remove til 
conductor an inch ni- two farther from tlio dj 
Under. If the machine acts strongly, brin^M 
insulated pith>ball, that is, you know, one han| 
ing on silk, to the end of the conductor, neani 
to the glass cylinder. 

Charles. It is immediately attracted. ^ 

Tutor. Carry it to the other end of the ca^ 
ductor, and see what happens. 4 

Charles. It is attracted again j but X C 
it would bave been repdled. 
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fuior. Then as the ball was electrified be- 
Ky and is still attractedf you are sure that the 
sctricity of the two ends of the conductor are 
different names ; that is, one is plus, and the 
ber ndrms, 

James* Whicli is the positive^ and which is 
t negative end ? 

TMor. The end of the conductor which is 
arest to the cylinder, becomes possessed of 
I electricity different from that of the cylinder 
»elf. 

James* Do you mean that if the cylinder is 
•sitively electrified, the end of the conductor 
(Xt to it is electrified negatively ? 
Tut&r. I do : and this you may see by holding 
I insulated pith-ball between them. 
Charles. Yes, it is now very evident, for the 
ill fetches and carries as we have seen it he- 
re. 

Tutor. What you have seen with regard to 
e conductor, is equally true with respect to 
in-conducting bodies. Here is a common glass 
mbler: if I throw within-side it a greater 
irtion of electricity than its natural sharcy 
id hold it in my hand, or place it on any con- 
icting substance, as a table, a part of the 
Bctric fluid, that naturally belongs to the out- 
dey will make its escape through my body, on 
le tabic. 

Charles. Let me try tliis. 
Voj^ III.— Q 



AiS^;' Btlt yoU milst WcafetM ftli 

Charlh. ', 1 "will .hang the chain m' i 
f, mA Iel:the tmir end lie on UfiK 
of tiie.gtiMt and Jaines will torn tkpft 

Tictef. Tod nmrt take care fliai .ti$ 
does not touch the edge of the f^bui^'^^ 
tbeb tlie^'idectric i|af d will, hj thM UhmI 
fippib ont aide of it to the otherj» and ^ 
experimenti ' '. 

: Jamais If I. hi^ve turned the machine i 
fake the chain out, airid try' the two siA 
the insulated pifb-ball. 

CAarfes. What is this? Something had 
through my arms and shoulders. 

. Tutor. That is a trifling electric shock 
you might have avoided, if you had vfk 
my directions. 

Charles. Indeed it was not trifling : ] 
now. 

Tutor. This leads us to the Leyden 
so called, because the discovery was firs 
at Leyden, in Holland, and by means of 
or small bottle. 

James. Was it found out in the same i 
as Charies has just discovered it ? 

Tutor. Nearly so. Mr. Cuneus, a Dut 
losopher, was holding a glass phial in hii 
about half filled with water, but the sjidee 
the water^ and the outside was quite dry, 



JLEYDSN PUIAJL. 183 

hung from tlie conductor of an electrical 
bine into the water. 

James. Did that answer to the chain ? 

Tutor. Just so: and, like Charles, he was 

ing to disengage the wire with one hand, as 

held the bottle in the other, and was sur- 

d and alarmed by a sudden shock in his 

s, and through his breast, which he had not 

least expectc(L 

Charles. I do not tliink there was any thing 

be alarmed at. 

Tutor. The shock which lie felt was, proha- 

ly, something severer than that which you 

?e just experienced : but the terror was evi- 
dently increased by its coming so completely 
.inexpected. 

When M. Muschenbroeck first felt the shock, 
which was by means of a thin glass bowl, and 
very slight, he wrote to M. Reaumur, that he 
felt himself struck in his arms, shoulders, and 
kreast, so that he lost his breath, and was two 
whole days before he recovered from the effects 
of the blow. 

Charles. Perhaps he meant the frigljt. 

2\itor. Terror seems to have been the effect 
of the shock : for he adds, «* I would not take 
a second shock, for the whole kingdom of 
France." 

Mr. Ninkler, an experimental philosopher, 
at Leipsic, describes the shock as liaving given 
him convulsions, a heaviness in his headi such 



Nevertheless, in the coui'se of a few 
received another shock, which caused 
at the nose/' 

James. Is this called the Leyden p 

Tutor. It is. They are now nia( 
manner. (Plate vii. Fig. 6.) b a is a 
both inside and out are covered wi 
about three ])arts of the way up, as f 

Charles. Docs the outside coverii 
to the handy and the inside coverii 
water ? 

Tutor. They do. The piece of ' 
placed on the top, merely to support 
wire and knob r, to the bottom of wli 
a chain that rests on the bottom of tl 
will now set the jar in such a situati< 
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tf at the same time^ driving away an 
luantity fi*oni the outside^ the inside is 
ely electrified, and the outside is nega- 
electrified. To restore the equilibriunif 
t make a communication between the 
3 and inside with some conducting sub- 
. That is, I must make the same sub- 
touch, at the same time, the outside tin 
id that which is within, or, which is the 
hiug, another substance that does touch it. 
tries. The brass wire touches the inside: 
lerefore, with one hand touch the knob, 
ith the other the outside coyering, will it 
icient ? 

or. It will : but I had rather you would 
ecause the shock will be more powerful 
should wish either myself or you to ex- 
ce. Here is a brass wire with two little 
•r knobs b s screwed to it (Plate yii. Fig. 
NiM bring one of them, as 5, to the outside^ 
e other, 6, to the ball v on the wire. 
,es. What a brilliant spark, and what a 
ioise ! 

or. The electric fluid, that occasions the- 
ind the noise, ran from the inside of the 
'ough the wire to s, and spread itself over 
tside. 

rUs. Would it have gone through my 
if I had put one hand to the outside, and 
d the wire communicating with tho in- 
^ith the other ? 

q2 
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Tutor. It wniildf and jOu mi 
the shock would have heen in pi 
quantity of the flaM collected. ' 
I used may be called a dlBchsri 
here is a more Mnveniflnt one ( 
8.) : the handle D Is sdid giaa 
a brass socket, lad the brass w 
IS Fig. 7, only by tarnrng on a 
may he opened to any «te»t. 

James. Why la Vn handle gl 

Tutor, BecaiiM glasa being a 
the electric fluid passes through 
without affoctins tbs hand ; wh 
other, a smnll sensation was pe 
discharged the jari 

Charhi. Would the jar nevi 
self? 

Tuiar. Yes : by exposare to t 
time, the charge of the jar will 
gradually dissipated, for the 
electric fluid of the inside will a 
of the air, to the outside of the 
tririans make it a rule never t 
its charged statOi 
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CONVERSATION XXXIV, 



Of the Leyden Jaiv— Lane's Discharging £lecftrometer» and 

the Electrical Batteiy. 

€!harles. In discharging the jar yesterday^ I 
observed that when one of the dischargine-rods 
touched the outside of the jar, the flash and 
report took place before the other end came in 
contact with the brass wire that communicates 
with the inside coating. 

Tutor. Tesy it acts in the same manner as 
%hen you take a spark from the conductor; 
you do not, for that purpose, bring your knuc- 
kle close to the tin. 

James. Sometimes, when the machine acts 
Tery powerfully, yon may get the spark at the 
distance of severtd inches. 

Tutor. By the same principle, the higher an 
electrical or Leyden jar is charged, the more 
easily, or at a greater distance, is it discharged. 

Charles. From your experiments it does not 
leem that it will discharge at so great a dis- 
tance as that in which a spark may be taken 
from the conductor. 

Tutor. Very frequently a jar will discharge 
itself, after it has accumulated as much of the 
electaical fluid as it can contain ; that is^ the 
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fillip wUch {8 tbrdwn on the iMide cMlMtli 
makfc.ita yruj over the gtatflSy thqjiiglrt tti 
coDdactor» on to the MtBide e^ktiMl^ 

Jamei. Ina^Leyden jar» ifter tae ftnrt H 
charge^ yoa always^ I perceiye^' takr kttMl 
and smaller oine* . ' .:' ^ 

Tvtor. The tin foil on the jar Mtli^ 
perfect coftdoctor» the whole qaantitj of i 
wm Mt pasa at ftrat bmt the kaidb tolMi 
what reitfaliiii ia called the festdbMi^ ttM 
in a large jar, wooM give yon • oi»iidfl«NI 
shock $ thereforOf I advise yon ahrayaj In 
charging an electrical jiTf to take awiaylM 
siduum before yon venture to remove tke^ 
ratus. I will now describe an electrooMll 
which depends, for its action, on the princl| 
we have been describing. ^ 

Charles. Do yon mean upon the jars c 
charging before the outside and inside coati 
are actually brought into contact ? 

Tutor. I dp. (Plate vii. Fig. 10.) The a 
D is made of glass, and proceeds from a soci 
on the wire of the electrical jar f. To the ^ 
of the glass arm is cemented another br 
socket E, through which a wire, with balk 
and c at each end, will slide backwards i 
forwards. 

James. So that it may be brought to a 
distance from the ball a, which is on the wi 
connected with the inside of the jar. 

Tutor* Just so. When the jar p is set eiti 
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contact, or very near the conductor, as is re* 

inted in the figure, and the ball b is set at 

distance of the eighth of an inch from the 

11 A, let a wire c k be fixed between the ball 

and the outside coating of the jar. Then as 
teoon as the machine is worked, the jar cannot 
be charged beyond a certain point, for when the 
narge is strong enough to pass from a to the 
■til B, the discharge will take place, and the 
iMBctric fluid collected in the inside will pass 
|throngh the wire c k to the outside coating. 
[ CharUs. If you remove the balls to a greater 
Nffiatance from one another, will a stronger 
charge be required before the fluid can pass 
from the inside of the jar to the ball b, of the 
electrometer ? 

TSttor. Certainly: and therefore the discharge 
will be much stronger. This machine is called 
Xane's Discharging Electrometer, from the 
[name of the person who invented it. It is very 
iBseful in applying the electric shock to medical 
mrposes, as we shall see hereafter. 
f This box contains nine jars or Leyden phi- 
als; (Plate VIII. Fig. 9.) the wires which pro- 
ceed from the inside of each three of these jars, 
are screwed or fastened to a common horizon- 
tal wire E, which is knobbed at each extremity, 
and by means of the wires f f, the inside coat- 
ings of 3 or 6, or the whole 9, may be con- 
nected. . 



sides of the box for ? 

Tutor. To this hook is fastened a 
wire, which communicates with the insid 
of the box, and, of course, with the outsl 
ing of the jars. And, as you see, to tl 
a wire is also fastened, which connects 
one branch of the discharging-rod. 

James. Is there any particular art to 
in charging a battery ? 

Tutor. No : the best way is, to bring i 

or piece of wire, from the conductor to 

the balls on the rods that rest upon tii 

and then set the machine to work. Tl 

trie fluid passes from the conductor to th 

p| of all the jars, till it is charged sufficien 

I for the purpose. Great caution, howev< 

^ be used when you come to make exnp 
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presented in the platCi which is one of the small- 
est made; a shock may be given, which, if 
passed through the head, or other vital parts of 
the body, may be attended with very mischiev- 
OUB effects. 

James* How do you know when the battery 
b properly charged ? 

Tutor. The quadrant electrometer (Plate vii. 
Fig. 5.) is the best guide, and this may be fixed 
either on the conductor, or upon one of the rods 
of the battery. But if it is fixed on the battery, 
the stem of it should be of a good length, not 
less than twelve or fifteen inches. 

Charles. How high will the index stand, when 
the battery is charged ? 

Tutor. It will seldom rise so high as 90°, 
because a machine, under the most favourable 
circumstances, cannot charge a battery so high, 
in proportion, as a single jar. Tou may reckon 
that a battery is well charged when the index 
rises as higli as 60°, or between that and 70°. 

James. Is there no danger of breaking the 
firs when the battery is very highly charged ? 

Tutor. Tes, there is ; and if one jar be crack- 
ed, it is impossible to charge the others till the 
broken one be removed. To prevent accidents, 
it is recommended, not to discharge a battery 
through a good conductor, except the circuit is 
at least five feet long. 

Charles. Do you mean the wire should be so 
long? 

F 
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Tuiar. Yes, if you pass the charge 
that ; but you may carry it through i 
ductor* 

Before a battery be used^ the uncoa 
of the jars must be made perfectly cl 
dry; the smallest particles of dust w 
away the electric fluid. And after an e: 
always connect the wire from the ho 
the ball^ to prevent any residuum from 
ing. 
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Expeiiments made with the Electrical Be 

Tutor. I will now show you some 
ments with this large battery. To perfo 
in perfect safety, I must beg you to 
good distance from it: this will prev 
dents. 

Example 1. I take this quire of 
paper, and place it against the iiook 
that comes out of the box; and when th 
is charged, I put one ball of the disc 
rod to a knob of one of the wires f, a 
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)iher knob to that part of the paper that 
ds against the wire, proceeding from the 
Tou see what a hole it has made through 
y sheet of the paper. Smell the paper 
re the perforation is. 
harks. It smells like sulphur. 
Sitor. Or more like phosphorus. Touobservet 
lis experiment, that the electric fluid passed 
a the inside of the jars through the conduct- 
rod and paper, to the outside, 
antes. Why did it not pass through the pa- 
. in the same manner as it passed the brass 
harging-rod, in which it made no hole ? 
\tor. Paper is a non-conducting substance, 
brass is a conductor : through the latter it 
ies without any resistance, and in its endea- 
r to get to the inside of the box, it burst the 
er as you sec. The same thing would have 
pened, had there been twice or thrice as 
:h paper. The electric fluid of a single jar 
pierce througli many sheets of paper. 
'harles. Would it serve any other non-con- 
ting sabstance in the same manner? 
Tttfor. Yes, it will even break a thin piece of 
)S, or of resin, or of sealing-wax, if they be 
;rposed between the discharging rod and the 
iidfi of the coating of the battery. 
Example 2. Place a piece of loaf-sugar in the 
ation in which t!ie quire of paper was just 
f, the sugar will be broken, and in the dark 
Vol. III.— R 
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itwitlappetrbeantifully illuiiiinateil»andi«i 
so for maiij Hconds uf time. 

Exanjria 3. Let tbe small piece or wire, , 
: ceeding fron the bole in the box, be laid out 
*■ side of K ptati^ Gvntaining Bome spirits of w; 
and, oa toe q^outk side of the plate, bring 
of tha kbobs M tfie discharging- rod, while 1 
oUier is'Carried is <he wires connected with 
inside of tbejan. 

Ckorla. Then tbe electric fluid will ban 
passage jtlinHlKh fiife spirit. 

Tutors ItwiH set it nn fire instantly. 

Example 4. Take two slips of common vi 
dow-glass, abont-fiMir inches long, and one iiM 
broad: putaslipof gold-leaf between the glagl 
es, leaving a small part of it out at each eij| 
then tie tbe glasses together, or press tbeOI 
with a heavy weight, and send the charge of tbe 
batt«ry through it, by connecting one end of IiM 
glass with the oatsiik* of the Jars, and bringiB|j 
tlic discharging-rud tn the other ond, and taUta 
wires of the inside of the battery, j 

James. Will it break tlje glass I * - \ 

Tutor. It probably will : hut whether it dof! 
or not, the gold-leaf will bo forced into Hi 
pores of the glasst so a>4 t» appear like gliM 
stained with gold, wliich iiotliing can was| 
away. 

Example 5. If the gold-leaf he put betwed 
two cards, and a strong charge passed throu^ 
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itt it will be completely fused or melted, the 
^ark of which will appear on the card. 
^ This instrument, (Plate yii. Fig. 11.) called 
4 universal discharger, is very useful for pass- 
ing charges through many substances, b b are 
glass pillars cemented into the frame a. To 
Bich of the pillars is cemented a brass cap, and 
A double joint for horizontal and vertical mo- 
tions ; on the top of each joint is a spring tube, 
which holds the sliding wires c or, c a;, so that 
they may be set at various distances from each 
other, and turned in any direction ; the extre- 
mities of the wires are pointed, but with screws, 
at about half an inch from the points, to receive 
[ balls.^ The table e d, inlaid with a piece of 
irory^ is made to move up and down in a sock- 
et, and a screw fastens it to any required height. 
Hie rings c c are very convenient for fixing a 
, chain or wire to them, which proceeds from tho 
conductor. 

Charles. Do you lay any thing on the ivory. 
Between the balls, when you want to send the 
charge of a battery through it ? 

Tutor* Yes ; and by drawing out the wires, 
the bails may be separated to any distance less 
than the length of the ivory. The figure h 
(Plate VII. Fig 12.) represents a press, which 
may be substituted in the place of the table £ d. 
It consists of two flat pieces of mahogany, which 
may be brought together by screws. 

James. Then instead of tying the slip& of 
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riass together,' ID ExarDple 4, 7011 iiii„ 
done it better by making use of the press. 

TtUor. I migbt; but I was willing to si 
you bow tbfi tbihg might be dune, if no s 
■■ .apparatus a»tbip vvei-e aX band. Tbe use of 
table and |>re88i which, in fitct, always go to^ 
ther, i» for kec|Kng steady all doscHiitioiuT 
bodies through which the chai-go of a sii ' 
jar, or Aiy mmriKir of which a battery com ' 
is to be conveyed. We will now proceed 
the experimenta. 

Example 6. I will take the knobs from 
Wires of the snirei-sal discharger, aad bai .^ 
laid a piece of very dry writing paper on tli 
table E, I plu:e the points of the wires at U 
inch or more, from one another ; then, by con> 
necting one of the rings t; with the outside wU 
or liook of the battery, and bringing the tf* 
charging-rod from the other ring c to one ' 
tbe knobs of the battery, you will see that 
paper will be torn to pieces. 

Kxample 7. The experiment which I am ml 
going to make, you must never attempt by yod 
selves; I put a little gunpowder in the tube| 
a quill, open at both ends, and insert the poiMi 
cd extremities of the two wires in it, so as to,M 
within a quarter of an incli or less from oij 
other. I now send the charge of the battel 
throngh it, and the gunpowder, you see, ishf 
stantly inflamed. < 

Example 8. Here is a very slender wire, vA 



'^ 
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a hundredth part of an inch in diameter, Vfhich 
I connect with the wires of the discharger, and 
■end the charge of a battery through it, which 
"Will completely melt it, and you now perceive 
fhe little globules of iron instead of the thin 
wire. 

Charles. Will other wires besides iron be 
Bielted in the same manner ? 

Tutor. Tes, if the battery be large enough^ 
and the wires sufficiently thin, the experiment 
will succeed with them all : even with a single 
jar, if it be pretty large, very slender wire may 
be fused. But the charges of batteries have 
been used to determine the different conducting 
powers of the several metals. 

James. If the charge is not strong enough to 
melt the \<^ire, will it make it red hot? 

Tutor. It will : and when the experiment is 
mt)perly done, the course of the fluid may be 
discerned by its effects : for if the wire is about 
three inches long, it will be seen that the end 
of it, which is connected with the inside of the 
battery, is red hot first, and the redness pro- 
ceeds towards the other. 

Charles. That is a clear proof that the super- 
abundant electricity accumulated in the inside 
is carried to the outside of the jars. 

Tutor. Example 9. We have, in the present 
volume, discussed the subject of magnetism: 
and we may here observe, that by discharging 
the battery through a small sewing needle^ it 

R 2 
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vill becDtMaagOrtiCt thsit is, if the needleb 
Mcurately sospeadcd oti a. nvaM piece of cadj 
in a basin of water, oofl i-nd will, of itsejf, p 
to the nortfaf and tbeotljcr to tlie south. 

Esimple 10. I viU Iny titia chHiii od a «lq 
of writine Priori and mm] tlie charge of t 
batteix tDMagh tbe chain; and you will I 
black DHlrkfl will lie left on tbe paper, in tt 
jdaces where th* ringa of the chain touch e 
other. 

Examine 1 1. PlaM a small piece of very d 
wood between tbe bfdls of the tiniversal d! 
chargetSt M that the fibres oi' the wood may ti 
in the direction Of the wires, nnd pass 1" 
charge of the battery thmiigh them, the \ 
will be torn in jHOces. The paints of the wires 
being run into the wood, and the shock passed 
through them, will eSfect the same thing. 

Example 12. Here is a glass tube, open at 
both ends, six inches long, iind a quarter of all 
inch in diameter. These pieces of cork, with 
wires in them, exactly fit the ends of the tubK 
I put in one cork, and fill the tube with watery 
then put the other cork in, and push tbe wires 
ao that they nearly toach, and pass the charge 
of the battery through them, you sec the tube is 
broken, and the water dispersed in every direo- 
tion*. ■< 






To prevent scddents, tLwii-e ca^c, such as 13 used In 
■e enierimenta on the air^Hunp, lootildbe pm orerthe 
e be^jre the discharge ■■ nude. Touig ptaem AooU 
attempt the ezperiment by tiiemdrM. 
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Cliarles. If water is a good conductory how 
1^ it that the chai*ge did not run through it 
iHthout breaking the tube ? 

Tutor. The electric fluid, like common fire, 
converts the water into a highly elastic vapour, 
irbich occupying very suddenly a much larger 
^ace than the water, bursts the tube before it 
can effect any means of escape. 
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Of the Electric Spark, and Miscellaneous Experiments. 

Tutor* I wish you to observe some facts con- 
nected with the electric spark. By means of 
the wire inserted in this ball, I fix it to the end 
of the conductor, and bring either another brass 
bfll, or my knuckle to it, and if the machine 
act pretty powerfully, a long, crooked, brilliant 
Q»ark will pass between the two balls, or be- 
tween the knuckle and ball. If the conductor 
is negative, it receives the spark from the body ; 
but if it is positive, the ball or the knuckle re* 
ceives the spark from the conductor. 

Charles. Does the size of the spark depend 
at all on the size of the conductor 7 ' 
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jtVlor./nie'langest and largest sparks 
obtained froiD a large conductor, |ii'OTided ti 
nachiM act vtrj powerfully. Wlien the qaH 
tity of electridty is small, tlie spark is straigU 
but when it la girang, and capable of strilui 
at a greater distance, it assiioics what is a ~ 
a zig-zag di<«ction. 

Jaituwi ir the electric fluid is fire, why 
not the Bparlr, which exciter a painful sensatiQl 
burn me, when I receive it on my^iand i 

Tutor. Ex. 1. I have shown you that 
cbal-ge fWim a battery will make irSn wire 
hot, uid inflanie gunpowder. Now stand 
the' stool with glass legs, and hold the dt 
from the conductor with one hand. Do yoo,' 
Charles, hold this spoon, which contains Mll^ 
spirit of wine, to your brother, while I turn tU 
machine, and a spark taken frum his koucklai 
if large, will set fire to the spirit, 

Charles. It baa indeed. Did you do nothtl^ 
with the spirit? j 

Tutor. I only made the silver spoon preW 
warm before I put the spirit into it ^ 

Ex. 3. If a ball of box-wood be jdiced on tM 
conductor instead of the brass ball, a sp^a 
taken from it will he of a fine red colour. "f 

Ex. S. An ivory ball placed on the condnctar, 
will be rendered very beautiful and InniiMMi^ 
if a strong spark be taken through its ceatn. 

£x. 4. Sparks taken over a piece of dim 
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. Jeather appear of a green colour, and over gilt 
u^atber of a red colour. 

jT Ex. 5. ^ere is a glass tube (Plate tii. Fig. 
hIS.) round which, at small distances from each 
[otherf pieces of tin foil are pasted in a spiral 
klimi, from end to end : tliis tube is inclosed in 
■i larger one, fitted with brass cups at each end, 
I which are connected with the tin foil of the in- 
j ner tube. — I hold one end a in my hand, and 
:'while one of you turns the machinCf I will pre- 
; i^t the other end b to the conductor, to take 
jiparks from it.— But first shut the window- 
tihutters. 

r Ouarki. This is a very beautiful experiment. 
I Tutor. The beauty of it consists in the dis- 
tance which is left between the pieces of tin foil, 
and by increasing the number of these distances, 
the brilliancy is very much heightened. 

Ex. 6. The following is another experiment 
of the same kind. Here is a word, with which 
you are acquainted (Plate viii. Fig. 14.) made 
on glass, by means of tin foil pasted on glass, 
Ixed in a frame of baked wood. I hold the 
frame in my hand at h, and present the ball o 
to the conductor, and at every considerable 
spark, the word is beautifully illuminated. 
. Ex. 7. A piece of sponge, filled with water, 
tmd hung to a conductor, when electrified in a 
dark room, exhibits a beautiful appearance. 

Ex. 8. This bottle is charged : if I bring the 
brass knob that stands out of it, to a basin of 
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fttcF wbidiU insulated, it will attract & im 

ad on the removal of Ihe bnttle, it will asn 

conical shspe, and if brought near any n 
iucting^ BiAsUuice, it will fly to it in lunuiu 
itreanw. 1 

Ex. 9. Haca a drnp of water on the condiM 
or, and work the machine, the ilrap will afbi 
aloD^MMuk* Resume a conical figure, and can 
some oCtbe water with it. 

£x. 10. On this wire 1 have fixed a pieq^ 
sealinK-waz* and having lixed the wire intxul 
end of the conductor, I will light the wax,fl 
the moment the machine is worked, the M 
will fiy off in the finest filamenta imaginable 

£x. 11, I will wrap some cotton-wool rd 
one of the knobs of my discharging- rod, anfl 
the wool with finely bruised i-esin: I now fl 
charge a Leyden jar. or a battery, in the cfl 
mon way, and the wool is instantly in a bit 
Tiie covered Icnob must touch the knob of 
jar, and tbe discharge should be effected 
quickly as possible. 

Tou will remember that the electric flut' 
ways chooses the nearest road, and tbe 
conductors to travel by; in proof of which 
the following experiment:— 

Ex. 12. With this chain I make a sort 
(Plate vu. Fig. 15.) the wire w touch' 
outside of a charged jar, and the wir 
brought to the knob of the jar, and in th 
a brilliant w is visible. But if the wii 
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. to fiiy the electric fluid takes a sborter 
:, and, of course, only half of the w is 
2. that part marked fn% y: but if, tn- 
the wire tc; m, a dry stick be laid in 
), the electric matter will prefer a long- 
it, rather than go through a bad conduct- 
the whole w will be illuminated. 
Id. Here is a two ounce phial, half full 
id oil ; through the cork is passed a piece 
ider wire, the end of which, within the 
is so bent as to touch the glass just below 
irface of the oil. I place my tliumb oppo- 
he point of the wire in the bottle, and in 
position take a spark from the charged 
.uctor. Tou observe that the spark, to get 
ly thumb, has actually perforated the glass. 
he same way, I can make holes all round the 
d. 

harles. Would the experiment succeed with 
er, instead of oil ? 
''vior. No, it would not. 
%mes. At any rate, we see the course of the 
trie fluid in this experiment, for tlie sparl 
es from the conductor down the wire, an 
•ugh the glass to the thumb. 
'utor. Its direction is, however, better shov 
his way. 

Ix. 14. At that end of the conductor whi 
i-thest from the machine, I fix a brass wi 
it six inches long, having a small brass I 
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on its extremity. To this ball, when the maci 
is at work, I hold the flame of a wax taper. 

ClMrles. The flame is evidently blown ff 
the bally in the direction of the electric 
it has a similar effect to the blast of a pafr 
bellows. 

Ex. 15. I will fix a pointed wirenpon 
prime conductor, with the point outwu^, 
another like wire upon the insulated rubl 
Shut the window-shutter, and I will woHl Am 
machine : now observe the points of the tml 
wires. ' 

James. They both are illuminated, but diflin^ 
ently* The point on the conductor sends ontS 
sort of brush of fire, but that on the rubber il 
illuminated with a star. 

Tutor. Yon see then the difference between 
the positive and negative electricity. 
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Atisccllaiicoiis Experiments — Of the Electrophonis — Of th< 
Eloctromcter, and tlie Thunder House. 

Tutor. I shall proceed this morning witi 
sonic other experiments on the electrical ma< 

chine. 
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Ex. 1. Here are two wires, one of which is 
connected with the outside of this chained Ley- 
len jar, the other is so bent as easily to touch 
ihe knob of the jar. The two straight ends I 
bring within the distance of the tenth of an inch 
of one another, and press them down with my 
ymmb, and in this position, having darkened 
the room, I discharge the jar. Do you look 
apon my thumb. 

Charles. It was so transparent that I think I 
even saw the bone of the thumb. — But did it 
not hurt you very much? 

, Tutor. With attention, you might observe the 
principal blood vessels, I believe ; and the only 
inconvenience that I felt was a sort of trcmour 
m my thumb, which is by no means painful. 
Had the wires been at double the distance, the 
fihock would have probably made my thumb the 
drcuit, which must have caused a more power- 
ful and unpleasant sensation, but being so cjose, 
the electric fluid leaped from one wire to the 
other, and during this passage it illuminated my 
thumb, but did not go through it. 

Ex. 2. If, instead of my thumb, a decanter 
full of water, having a fiat bottom, were placed 
3n the wires, and the discharge made, the whole 
Df the water will be beautifully illuminated. 

Ex. 3. This small pewter bucket is full of 
water, and I suspend it from the prime conduct- 
or, and put in a glass siphon, with a bore so 
narrow, that the water will hardly drop out. 
Vol. III.— S 
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860,wltfiticyili«9eii when I vDikfhei 
bill flnt nuke tm room dark* ' 

•fiMMi. Itrans nowin a fall 8treaB^ i] 
■ in ie?;eral fltreamfly all of which are iUm 
/ m9l^ Ex.4. If th9 knob a (Plato^^ 
!&) isooMnnnicate with the oatside of a 
Leydeio jarr and the knob h with the ina 
lift and 4Mch be hdd about two inches 
lifted candje Xf and opposite to one 
t£t ianie will spread towards eachf . an 
cbatge will be niade Aroo^ it: this sk 
eonducting power of flame. 

This instrument (Plate tiii. Fig. 17 
oonrisfeB of two curcolar plates, St wl 
lai-gest B is about fifteen inches in d 
and the other a fourteen inches, is ci 
electrophorm. The under plate b is 
glass, or sealing-wax, or of any other r 
ducting substance: I have made one 
mixture of pitch and chalk boiled t 
The upper plate a is sometimes made o 
and sometimes of tin plate, but this is c 
covered very neatly with tinioil: x is 
handle fixed to a socket, by which thi 
plate is removed from the under one. 

Charles. What do you mean by an 
phorus ? 

Tutor. It is, in fact, a sort of simple 
cal machine, and is thus used. Rub tl 
plate B with a fine piece of new flannel, 
rabbit's, or hare's, or cat's skin, and wl 
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ccitedy place upon it the upper plate a, 

t your finger on the upper plate: then 

c this plate by the glass handle Xf and If 

iply your knuckle, or the knob of a coated 

^ou will obtain a spark. This operation 

ae repeated many tiuies^ without exciting 

I the under plate. 

mes. Can you charge a Leyden jar in this 

utor. Tesy it has been done^ and by a sin- 
excitation^ so as to pierce a hole through a 
d. 

Here is another kind of electrometer (Plate 
a. Fig. 18.) which is by far the most sensi- 
s that has been yet invented ; that is, it is 
ipable of discovering the smallest quantities of 
lectricity. a is a glass jar, b the cover of 
netal, to which arc attached two pieces of gold 
Mif X9 or two pith-balls suspended on threads : 
n the sides of the glass jar are two narrow 
trips of tin foil. 
Charles* How is this instrument used 7 
Tutor. Any thing that is to be electrified i.' 
rouglit to the cover, which will cause the piece 
f gold leaf, or pith-balls to diverge ; and tl 
snsibility of this instrument is so great, th 
le brush of a feather, the throwing of chal 
air-powder, or dust, against the cap b, evinc 
trong signs of electricity. 
Ex. *5. Place on the cap b a little pewter, 
ny other metallic cup, having some watei 
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it : jtlMpn take from tbe ire . a live ^eMfc 
pirt it in tke eiip» end tbe elecUidty-otTa 
Tei7 Bdmirably exhibited. 

A tfanndei^-fcloud passing oTer tb|S fatirt 
Witt i^ftttse tl^e gold leaf to strike tMts 
eTery flash of lightning* ^ ^ 

, Ex. 6. I will excite this stick ofMlriii 
and bring it to the cover b : ypu seis bm 
it causes the gold leaf to strikeagainst th 
of theglapa. ^. 

/ONIM. Are flie slipff of tin foil Mm 
cany, away the electric fluid cbmmanici 
•tiie objects presented to the cap b 2 

TSOi^i They are^ and by them fte 
brium is restored. 
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of Atmospbciical Electricity. 

Charles, Tou said yesterday^ that tl 
trometer was affected by thunder and ligl 
are lightning and electricity similar? 

Tutor. They are^ undoubtedly^ the sam 
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^ and that they are the same, was discovered b 
Dr. Franklin more than half a centurj ago. 

James. How did he ascertain this fact ? 

Tutor. He was led to the theory from ol 
serving the power which uninsulated points ha\ 
,in drawing off the electi'icity from bodies. An 
luiving formed his system, he was waiting fc 
fte erection of a spire, in Philadelphia, to carr 
lis views into execution, when^t occurred i 
Uin that a boy's kite would answer his purpos 
better than a spire. He therefore prepared 
-kite, and having raised it, he tied to the end < 
the string a silken cord, by which the kite ws 
completely insulated. At the junction of tl 
two strings he fastened a key as a good conduc 
or^ in order to take sparks from it. 

Charles, Did he obtain any sparks ? 

Tutor. One cloud, which appeared like 
thunder-cloud, passed without any effect; shor 
ly after, the loose threads of the hempen strin 
stood erect, in the same manner as they wou] 
if the string had been hung on an electrified ii 
bulated conductor. He then presented his knu< 
kle to the key, and obtained an evident spar] 
Others succeeded before the string was we 
but when the rain had wetted the string, I 
collected the electricity very plentifully : 

—-Led by the phosphor light, mth daring tread. 
Immortal Franklm sought the fieiy bed ; 
Where, nurs'd in nigh^ incumbent tempest shrou J9 
The seeds of thunder in circumfluent clouds 5 
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B«w^ iridi ina points his airy cell. 

And pietv'd the mooitec slumb'rin^ in the abcU. J 

- Jattuit. Otmld I do 80 with nur large kltn 
Tutor. I bO|>e ja& will not try to raise yon 
kite (lnrin|( a &snder storm, because, withoM 
Tery great rare, H may be attended with tin 
most serioQ^ dannr. Your kite is, haw< ' 
quite large vnWigap being Tuur feet high, 
two feet wide: orMry thing depends on 
string, whiChi according to Mr. CAvallo, 
has made many experiments on the snbji 
should be made of two tliin threads of twi 
twisted with a coppei- thread. And to Mr. 
vallo's woric on electricity, Vol. ii. such peril 
sons as arc desiroas of raising kites, for elm 
trical purposes, should be referred, in whid( 
they will find ample instruction. 

Charles, How do the conductors, which'lj 
have seen fixed to vai-iuus buildings, act in diiiu 
persing lightning? i 

Tutor. You know how easy it is to charge Kl 
Lcyden jar: but if, when the machine is 4: 
work, a person hold a point of steel, or otbtf 
metal, near the conductor, the greater part of, 
the fluid will run away by that point instead i£ 
proceeding to the jar. Hence it was conclodf 
ed that pointed rods would silently draw awa^^ 
the lightning from clouds passing over an;, 
building. 
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James. Is there not a particular method of 
fizing thein ? 

Tutor. Tes: the metallic rod must reach 
from the ground or the nearest piece of water^ 
40 a foot or two above tlie building it is intend- 
jted to protect, and the iron rod should come to 
»a fine ' point. Some electricians recommend 
I Uiat the point should be of gold^ to prevent its 
lusting. 

Charles. What effects would be produced, if 
lightning should strike a building without a 
conductor ? 

Tutor. That may be best explained, by in- 
forming you of what happened, many years 
ago, to St. Bride's clinrch. The lightning first 
strack the weathercock, from thence descend- 
ing in its progress, it beat out a number of large 
stones at different heights, some of which fell 
upon the roof of the church, and did great 
damage to it. The mischief done to the steeple 
was so considerable, that eighty-five feet of it 
was obliged to be taken down. 

James. The weathercock was probably made 
of iron, why did not that act as a conductor ? 

Tutor. Though that was made of iron, yet 
it was completely insulated by being fixed in 
flftone, that had become dry by much hot and 
dry weather. When therefore the lightning had 
taken possession of the weathercock, by en- 
deavouring to force its way to another conduct- 
or^ it beat down whatever stood in its way. 
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Charta. Tkejiowecoriightntng mustl 
great 

Tutor. It U irreMstible in its effects ; the 
lowing experiment will illustriite what I h^ii 
been aft^iiig. 

Ex. 1. A is aboard (Plate viii. Fig. 19.) i 
presenUng the gable end of a house : it is fix 
on anotbw boinl b : a (> c (1 is a square liD]e«. 
which a piece fit wood is fitted ; n d repreac 
a wire fiiud diagonally on the wood abed 
h terminated hj a knob x, represents a woatl 
cock, and the wire c % is fixed to the hoard:' 

It la evident that in the state in which i^ 
drawn in the figure, there is an intemiptionj 
the cooducting rod ; accordingly, it the chl 
m is connected with the outside of a LeydM 
phial, and then that phial is discharged throq^ 
X, by bringing one part of the discharging m 
to tlie knob of the Leyden phial, and tlie othtt 
to within an inch or two of oc, the piece of wottd 
abed will be thrown out with violence. 

James. Are we to understand by this experi- 
ment, that if the wire x b had been continued 
to the chain, that the electric fluid would have 
run through it without disturbing the loose 
board ? 

Tutor. Ex. 3. Just so ; for if the piec« al 
wood be taken out, and the pait a be put to the 
place b, then d will come to c, and the conduct* 
ing rod will be completei and continued frond! 
through 6 c to «y and now the phial may tw dis- 
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iharged as often as you please, but the wood 
?iU remain in its place, because the electric 
luid runs through the wire to cm^ and makes its 
my by the chain to the outside of the phial. 

CharUs. Then if x be supposed the weather- 
u>ck of the church, the lightning having over- 
charged this, by its endeavours to reach another 
M)nductor, as c «, forced away the stone or 
itones represented by a b c d? 

Tutor. That is what I mean to convey to 
rour minds by the first experiment; and the 
tecond shows very clearly that if an iron rod 
lad gone from the weathercock to the grounds 
vithout interruption, it would have conducted 
iwaythe electricity silently, and without doing 
my injury to the church. 

James. How was it that all the stones were not 
^aten down 7 

Tutor. Because, in its passage downwards, 
t met with many other conductors. I will read 
lart of what Dr. Watson says on this fact, who 
examined it very attentively : 

« The lightning,'* says he, << first took a 
K^eathercock, which was fixed at the top of the 
(teeple, and was conducted without injuring the 
netal or any thing clscj as low as where the 
arge iron bar or spindle which supported it 
terminated ; there the metallic communication 
ceasing, part of the lightning exploded, crack- 
Mi and shattered the obelisk which terminated 
the spire of the steeple, in its whole diameter^ 
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•nd'fbnwoff. at that place, several large |£ 
of JPorthind Rtone. Here it likewise rem 
a atom frnm its place, but not far enough lo< 
tbrown dnwi). From tbence the liglitnjng seiN 
ed te liaVe rushed upon twn horizontal in 
ban, wbich were placed within the buiMH 
acnm each other. At tfie end of one of tM 
iron ban, it exploded again, and thi-ew ul| 
considerable quantity of stane. Almost all'l 
damage was done whet's the ends of the ir 
ban bad been inserted into the stone, ur plao 
nnder it; and in some placest its passage mig 
be tratied from one iron bar to another." - 

The flmnder holds his black trcmendouB throne : | 
^KMD cloud to cloud the reoding %litiuiiga nge i . 
■no, in the filiiouB elemental war 
UsBolv'd the whole precipitated man 
Unbioken floods ana solid tonents pouis. 



CONVERSATION XXXIX. 



On Atmospheiic Electiidty Of Falling Stars Of tl 

Auror» Botefllia — Of Vater-spouts, gnd 'Whiriwind* 
Of Eaithquakes. 

ChaTtes. Does tbe air always contain eln 

tricity f 
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ThUor. Tes ; and it is owing to the electri- 
Ity of the atmosphere that we observe a num- ^ 
Br of curious and interesting phenomena^ such 
I falling stars ; the aurora borealisi or north- 
rn lights j the ignis fatuus, or Wili-with-the- 
Isp. 

James. I have frequently seen what people 
Edl falling starsy but I never knew that they 
rere occasioned merely by electricity. 

Tutor. These are seen chiefly in clear and 
aim weather : it is then that the electric fliiid 
i probably not very strong, and passing through 
he air it becomes visible in particular parts of 
is passage, according to the conducting sub- 
tances it may meet with. One of the most 
triking phenomena of this kind is recorded by 
lignior Beccaria. — As he was sitting with a 
riend in the open air, an hour after sun-set» 
hey saw a falling, or, as it is sometimes called^ 

shooting star, directing its course towards 
liem, growing, apparently, larger and larger^ 
ill it disappeared not far from them, and, dis- 
ppearing, it left their faces, hands, and clothes, 
rith the earth and ncighbouriiij^ .objects, sud- 
enly illuminated with a diffused and lambent 
ght, attended with no noise at all. 

Charles. But how did he know that this was 
nly the effect of electricity' ? 

Tutor. Because he had previously raised his 
ite, and found the air very much charged with 
le electric matter : sometimes he saw it ad- 
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ftncMi; ts' his kite like a falling stai* 
omMimoBhcKaw akiiiil nf glnry round it, 
allotted it u it cliiinged it<i place. 

Janttf, Stnre loPty obiectH ure exposed- 
sBfcet* (if Hglltning. or the electric fluid, i 
the tall masts of sliipa ran coniidcrabl* ri 
b«fiw«tFttPkbyit2 - 1^^* 

Tutor. Certainly: we have many MM 
recorded -of thie mischief done Id lUMri 
9f ttblch is related in the PfailoiopriUtin 
■ctioM; It hatapeiwd on hbani tKe I* 
oA the :4th 4f November, 1748, lit la 
4«' ind ^ 9' west longitude, abtfnt jMmMI«'^ 
of t&e qnatter-maflters dfesired the^ tnUHi 
t^ Tessel tn look to the wlndwaril» 'urM 
otoerT«d a large ball of blue Are, rolfin|; a 
rently on the surfHce of the water, at tbr 
tance of three miles from them. It rotj 
most perpendicnlar when it was within fbi 
flftj yards from the main-chHins of the si 
then went off with an explosinn, as if a 
dred cannon had been fii-ed at one timi 
left 80 strong a smell of sulphur, that tt 
seemed to contain nothing e)se. After th< 
bad Subsided, the main top-mast vtti 
shattered to pieces, and the nmst itself v 
quite down to the kcci. Five men were 
ed downt and one of them greatly burn 
explosion. 

Charta. Did it not %em tn be a ve 
bldl, to kave produced soch effects ? 



1. ■ 



AUBOBA B0BBAII8. £17 

Tutor. Tea : the person who noticed it said 
it was as big as a mili-stone* 

The aurora borealis is another electrical phe* 
lomenon : this is admitted without any hesita- 
ibn^ because electricians can readily imitate 
^ appearance with their experiments. 

James. It must be^ I should thinks on a very 
BDall scale. 

Tutor. True: there is a glass tube about 
thirty inches long, and the diameter of it is 
.about two inches ; it is nearly exhausted of air^ 
[tod capped on both ends with brass. I now 
connect these ends, by means of a chain, with 
ttke positive and negative part of a machinci and 
ill a darkened room, you will see^ when the ma- 
'faine is worked^ all the appearances of the 
lorthern lights in the tube. 

Charles. Why is it necessary nearly to ex- 
laust the tube ? 

Tutor. Because the air, in its natural state^ 
9 a very bad conductor of the electric fluid ; but 
rhen it is, perhaps, rendered some hundred 
imes rarer than it usually is, the electric fluid 
larts from one cap to the other, with the great- 
st ease. 

James. But we see the aurora borealis in the 
ommon air. 

Tutor. We do so : it is, however, in the high* 

\r regions of the atmosphere, where the air is 

Bach rarer than it is near the surface of the 

tartb. The experiment which you have just 

Vol. IlI.^T 
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seen accounts for tho darting and undul) 
tnotion which takes place hetWi'Cti the oppt 
parts of the heavens. The aurnra boreiu 
the niD9t brautifui and brilliant in countril 
the hi^h northern latitudes, as in Gi-cen 
and Iceland. 

Charles. I remember the lines on this 
ject: 

By danciii|; meteors tlien, thut ceaseless dutke 
AjWaving blaze rt-fracteii o'er the heaven^ ' 
And vivid moons, luid store that keener pliy ' 
With double lustre from the flossy waste, 
Et*!! in tlic deplli of polar night, tliey find. 
A wond'rous lUy ; enough to light the chas^ 
Or guide theii- OKnug steps to I'mland &irs. _ 

Tutor. The aurnra borealta that w»i mm 
this riiuntry t on the S3d of October, in the Ji 
1804, is deserving of mittce. At seven in 1 
evening, a, luminous arch was seen fVom i 
centre of Ltindon. extending from one point 
the horiznn, about S. S. W. to another po 
N. N. W. and passing the middle of the ci 
stellation of the Great Bear, which it| in a gr 
meaaore, obscured. It appeared to codbuI 
Bhining \apnur, and to roll from the sootli 
the north. In about half an hour, its coa 
was changed ; it then became vertictd, and ab 
nine o'clock it extended acroBa the beavi 
from N. E. to S. W. ; at intervals, tbe coi 
nuitj (if the luminous arch was broken,^! 
there then darted £rom Its aouth-vest qaul 
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rds the zenithy strong flashes and streaks 
ight red, similar to what appears in the at- 
ihere, during a great fire in any part of the 
opolis. For several hours the atmosphere 
as light in the south-west as if the sun had 
ut half an hour ; and the light in the north 
nhled the strong twilight which marks that 
of the horizon at midsummer. Thomson, 
king of the aurora borealis, and other me- 
, says — 



silent fh>m the nerth. 



A blaze of meteors shoots; ensweeping first 
The lower skies, they aU at once converge 
High to the crown of heaven, and all at once 
Relapsing quick, as quickly re-ascend. 
And mix and thwart, extinguish and renew. 
All aether coursing in a maze of light. 

mes. How do you account, sir, for the 
-with-the-wisp, or Jack-^-lantern, that is 
to the ground where the air is thickest? 
itor. This is a meteor which seldom ap- 
3 more than six feet above the ground ; it 
^ays about bogs and swampy places, and 
)f in hot weatiier, emit wliat is called in- 
nable air, which is easily inflamed by the 
ric spark. These, therefore, as you shall 
in our chemical experiments, we can as 
ily imitate as the aurora borealis. — In some 
I of Italy, meteors of this kind are frequent- 
ly large^ and give a light equal to that of 
•ch. 
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Water-spouts, which are sometimes seen it 
seai are supposed to arise from the power q| 
electricity. 

Charles* I have heard of these^ but I thougU 
that water-spouts at sea^ and whirlwinds an^ 
hurricanes by land, were produced solely by th^ 
force of the wind. 

Tutor. The wind is, undoubtedly, one of tbc 
causes, but it will not account for every appear- 
ance connected with them. Water-spouts an 
often seen in calm weather, when the sea secnu 
to boil, and sbnd up a smoke under them, rising 
in a sort of hill towards the spout. A rumbling 
noise is often heard at the time of their appear- 
ance, which happens generally in those months 
that are peculiarly subject to thunder-stormS] 
and they are commonly accompanied or follow- 
ed by lightning. When these approach a shipi 
the sailors present and brandish their swords 
to disperse them, wiiirh seems to favour the 
conclusion^ that they are electrical. 

James. Do the swords act as conductors ? 

Tutor. They may, certainly ; and it is known 
that by these pointed instruments, they have 
been effectually dispersed. 

The analogy between tiie phenomena of wa- 
ter-spouts, and electricity, may be made visible 
by hanging a di-op of water to a wire, commu- 
nicating with the prime c(»nductor, and placing 
a vessel of water under it. In these circum- 
stances, the drop assumes all the various ap- 
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Marances of a water-Hpout, in its rise^ form^ 
knd mode of disappearing. 
. Water-spouts, at sea, are undoubtedly very 
Uttie whirlwinds and hurricanes by land. These 
Sometimes tear up trees, throw down buildings, 
Oiake carems ; and, in all the cases, they scat- 
bur the earth, bricks, stones, timber, &c. to a 
■reat distance in every direction. Dr. Frank- 
lin mentions a remarkable appearance, which. 
Mcurred to Mr. Wilke, a considerable electri- 
cian. On the 20th of July, 1758, at three 
o'clock in the afternoon, he observed a great 
quantity of dust rising from the ground, and 
xovering a field, and part of the town in which 
he then was. There was no wind, and the dust 
•Moved gently towards the east, where there ap* 
Mured a great black cloud, which electrified 
■is apparatus positively to a very high degree. 
This cloud went towards the west, the dust 
bUowed it, and continued to rise higher and 
bigher, till it composed a thick pillar, in the 
[firm of a sugar loaf, and at length it seemed to 
be in contact with the cloud. At some distance 
torn this, there came another great cloud, with 
a long stream of smaller ones, which electrified 
hiB apparatus negatively, and when they came 
Hear the positive cloud, a flash of lightning was 
leen to dart through the cloud of dust, upon 
arhich the negative clouds spread very much, 
ind dissolved in rain, which presently cleared 
llie atmosphere. 

T £ 
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Charles^ Is rain then an electrical ] 
non? 

Tutor. The most enlightened and 
formed electricians reckon rain^ hail, s 
among the effects produced by th< 
fluid. 

James* Do the negative and positi 
act in the same manner as the outsit 
side coatings of a charged Leyden jai 

Tutor. Thunder-clouds frequently d 
iftore than conduct or convey the elec 
ter from one place to another. 

Charles. Then^they may be compai 
discharging-rod. 

Tutor. And perhaps, like that, th( 
tended to restore the equilibrium bet 
jllacesy one of which has too much, 
other too little of the electric fluid, 
lowing is not an uncommon appeal 
dark cloud is observed to attract otl 
sind when grown to a considerable sizt 
er surface swells in particular part? 
the earth. During the time that th 
thus forming, flashes of lightning ( 
one part of it to the other, and often i 
the whole mass ; and small clouds are 
ihoving rapidly beneath it. When 
has acquired a sufficient extent, the 
strikes the earth in two opposite plac 

James. I wonder the discharge does 
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tbe earthf as the charge of a jar does any thin 
through which it passes. 

Ttdor. Every discharge of clouds through th 
earth may do this, though it is imperceptibl 
to us. 

Earthquakes are probably occasioned by vai 
discharges of the electric fluid: they happe 
dost frequently in dry and hot countries, whic 
are subject to lightning, and other electric phf 
lioiliena : they are even foretold by the electri 
ComscationSf and other appearances in the aii 
for some days preceding the event. Besides 
tbe shock of an earthquake is instantaneous t 
the greatest distances. Earthquakes are usuall 
accompanied with rain, and sometimes by tfa 
m^t dreadful thunder-storms : 

How greatly terrible^ how dark and deep 
The purposes of Heaven ! At once overthrown, 
tVl^te age and youth, the gmlty and the just. 
Oh, seemmgly severe ! promiscuous falL 
Beason, whose daring eye in vidn explores 
The fearful Providence, confused, subdued 
To silence and amazement, with due praise 
Aeknowledgefd th' Ahnigfaty, and adores 
His uHll uifcniDg, wisest justest, best 

Mallet. 
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' Hadkd Hectricity. 

' Tutor. If joa stud on ttie stoni with gla«i 
ars, and hold the chain rrom tlio conductor 
vnile I woi^ tbe otacbihe a few iiiinute«, your 
inlse will be increased^ tiiat is, it will beat more 
Wquently ^an it did before. Prom this rir- 
:uin8titnce phTsiciaiw hbve applied electrJcl^ 
o the cure of mas; diaorders: in aome n 
A'iiich their endeavouni have been un&vaiUngr 
n others the success has been very complete. 

Charles. Did they do nothing more than tbi»? 

Tutor. Yes, in some caacs tliey took sparks 
'com their pstientsj in others they gave them 
ibocks. 

James. This would be no jdeasant method of 
lure, if the shocks were strong. 

TnlOT. You know, b; means of Lane's elec- 
rometer, described in our thirty-fourth Con- 
versation, (Plate VII. Fig. 10.) the sbock may 
le given as slightly as you please. 

Charles. But how are sbocks conveyed through 
iny part of the body ? 

Tutor, l^ere are machines and apparatss 
Dade purposely for medical purposeat but every 
md may be answered by ti^ itistmHent jost 
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referred to. Suppose the electrometer to \ 
fixed to a Ley den phial, and the knob at a 1 
touch the conductor, and the knob b to be so ff 
off as you mean the shocks to be weak or stron| 
i chain of wii*e of sufficient length is to I 
fixed to the ring c of the electrometer, an 
another wire or chain to the outside coating 
the other ends of these two wires are to be fas 
ened to the two tnobs of the discharging-roi 
James. What next is to be done^ if I wish i 
electrify my knee for instance ? 

Tutor. All you have to do is to bring tti 
balls of the discharging-rod close to your knei 
one on the one side^ and the other on the oppc 
site side. 

Cluirks. And at every discharge of the Le^ 
den jar, the superabundant electricity froi 
Withinside will pass from the knob at a to tfa 
knob B, and will pass through the wire and tfa 
knee, in its way to the outside of the jar, to re 
store to both sides an equilibrium. 

James. But if it happen that a part of th 
body, as an arm, is to be electrified, how is i 
to be done, because in that case I cannot us 
botli my hands in conducting the wires ? 

Tutor. Then you may seek the assistance ( 

a friend, who will by means of two instruments 

called directors, be able to conduct the fluid t 

any part of the body whatever. 

Charles. What are dii'ectors ? 

Tutor. A director consists of a knobbed bras 



If I feel rheumatic pains between my el 
wrist, and a person hold one director f 
bow, and another about the wrist, th 
will pass through, and probably will I 
useful in removing the complaint. 

James. Is it necessary to stand on tl 
footed stool to have this operation pet 

Tutor. By no means : when shockf 
ministered, the person who receives tl 
stand as he pleases, either on the stoc 
the ground; the electric fluid taking t 
est passage, will always find the other 
the other director, which leads to the 
of the jar. 

Charles. Is it necessary to make 1 
bare? 

Tutor. Not in the case of shocks, ui 
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ralytic disorders ; in contractions of the nerves ; 
in sprains, and in many other cases ; but great 
attention is necessary in regulating thQ force of 
the shock, because, instead of advantage; mis- 
chief may occur, if it be too violent. ' 

Charles. Is there less danger with sparks 7 

Tutor* Yes ; for unless it be in very tender 
parts, as the eye, there is no great risk in tak- 
ing sparks : and they have proved very effec- 
taal in removing many complaints. 

The celebrated Mr. Ferguson was seized at 
Bristol, with a violent sore throat, so as to pre- 
vent him from swallowing any thing : he caus- 
ed sparks to be taken from the pai-t affected, 
and in the course of an hour he could eat and 
drink without pain. 

This is an excellent method in cases of deaf- 
ness, ear-ache, tooth-ache, swellings inside the 
mouth, &c. 

James. Would not strong sparks injure the 
ear? * 

Tutor. They might; and therefore the elec- 
tric fluid is usually drawn with a pointed piece 
of wood, to which it comes in a stream, or 
when sparks ai*e taken, a very small brass ball 
is used, because, in proportion to the size of the 
balU is the size of the spark. 
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»1 Electricity : of the Torpedb ! 
Klvctiicus, and of the Siluntt BTedMcus. 

or. There are three kinds of Sub wkU 
leen discovered that are posscsseut (if Oh 
iar pi-operty of giving shocks very sitnitir 
ise experienced by means of the Lvyiha 

arUs, I shouM like much to see them : M 
easily nhtained? 

utor. No, they are nnt : they are called lb* 
cdo, the gijmnatus tUctricus, and the siimmt (^ 
Iricua. 13 m 

Tames. Are they all of the same sftecies I 
Tutor. No : the torpedo is a flat fsh, seldba nj 
enty inrlics long, and is common in variow- 
rts of the aea coast of Europe. The eleo* 
c organs of this fish are placed on each sidt^ Ai 
the gills, where they fill up the whole tfoick^ ' 
ss of the animal, from the lower t» the o. . 
rface, and are covered by the common skii»«( 
3 body. 

Charles. Can you lay hold of the fish by any 
ler part of the body with impunity? 
Tutor. Not altogether so : for if it be touch- 
with one band, it generally c 
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Verj slight shock; but if it be touched with 
both hands at the same timoi one being applied 
to the under^ and the other to the upper surface 
^the body, a shock will be received similar to 
tbat which is occasioned by the Leyden jar. 

Jama. Will not the shock be felt if both 
hands be put on one of the electrical organs at 
the same time ? 

Tutor, No: and this shows that the upper 
•ltd lower surfaces of the electric organs are in 
<^posite states of electricity, answering to the 
positive and negative sides of a Leyden phiaL 

Charles. Are the same substances conductors 
of the electric power of the torpedo, by which 
artificial electricity is conducted ? 

Tutor. Yes, they are : and if tlie fish, instead 
9ff being touched by the hands, be touched by 
conducting substances, as metals, the shock will 
be communicated through them. The circuit 
iiiay also be formed by several persons joining 
hands, and the shock will be felt by them all at 
the same time. But the shock will not pass 
^here there is the smallest interruption ; it will 
Hot even be conducted tbrougb a chain. 

James. Can you get sparks from it ? 

TSUor. No spark was ever obtained from the 
torpedo, nor could electric repulsion and attrac- 
tion be produced by it. 

Charles. Is it known how the power is accu- 
mnlated ? 

Tutor. It seems to depend on the will of the 
Vol. Ill— U 
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animal^ for each effort is accompanied vitk % 
depression of its eyes, and it probably mikfl 
use of it as a means of self-defence. j 

James. Is this the case also with the ottaj 
electrical iisiies ? 4 

Tutor. The gtimnotus possesses all the eke 
trie properties ot the torpedo^ but in a very Hi 
perior degree. This fish has been, called fH 
electrical ee]» on account of its resemblance l( 
the common eel. It is found in the large rim( 
of South America. i 

Charks. Are these fishes able to injure oflm 
by this power ? 

Tutor. If small fishes are put into the watfl 
in which the gymnotus is kept, it will first stuij 
or perhaps kill them, and if the animal be hoi 
gry, it will then devour them. But fishes stnfr 
ncd by the gymnotus may be recovered^ by b« 
ing speedily removed into another vessel ol 
water. 

The gymnotus is said to be possessed of I 
new kind of sense, by which it knows whetheC 
bodies, which are brought near him, are coii 
ductors or not. 

Charles. Then it possesses the same knof- 
ledge by instinct which philosophers have gain- 
ed by experiment. 

Tutor. True: the following experiment, amon{ 
others, is very decisive on this point. 

Ex. The extremities of two wires were dip 
pjcd into the water of the vessel in which th 
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animal was kept; they were then bciiti extend- 
ed a great way, and terminated in two separate 
'l^asses full of water. These wires, being sup- 
i^feorted by non-conductors, at a considerable 
distance from each other, the circuit was in- 
; eomplete : but if a person put the fingers of 
- btttli hands into the glasses in which the wires 
;tarminated, then the circuit was complete. 
^'While the circuit was incomplete, the fish never 
Anient near the extremities of the wires, as if 
I desirous of giving the shock; but the moment 
tte circuit was completed,. either by a person, 
or any other conductor, the gymnotus immedi- 
!«tely went towards the wires, and gave the 
'Aockf though the completion of the circuit was 
I OBt of his sight. 

James* How do they catch these kind of fish ; 
the men would, probably, let them go on i*e- 
ceiving \he shock ? 

Thttor. In this way the property was, per- 
haps, first discovered. The gymnotus, as well 
UB the others, may be touched, without any risk 
fif the shock, with wax or with glass ; but if it 
lie touched with the naked finger, or with a me- 
ta]» or a gold ring, the shock is felt up the arm. 

Charles. Does the sUurus electricus produce 
the same efiects as the others ? 

Tutor. This fish is found in some rivers in 
Africa, and it is known to possess the property 
of giving the shock, but no other particulars 
have been detailed respecting it. 



whence it cannot be taken, except when 
toxicated. It cannot be touched with th( 
or with a stick, without feeling a terrible 
If trod upon with shoes, the legs and 
are affected in a sinular manner. 
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General Suminaiy of Electricity, with Ezperii 



SUMMARY, &C. 23: 

Tutor* When a body is possessed of more, o: 
t' retains less, than its natural share, it is daid t 
t be charged or electrified. 

Charles. If it possess more than its natura 
share, it is said to be positively electrified ; bu 
if it contain less than its natursd share, it is sail 
to be negatively electrified. 

Tutor. Does it not sometimes happen, tha 
flie same substance is both positively and i>ega 
tively electrified at the same time? 

Jamesm Yes : the Leyden jar is a striking in 
stance of this, in which, if the inside contaii 
more than. its natural share, the outside wil 
contain less than its natural quantity. 

Tutor. What is the distinction between con 
dnctors and non-conductors of electricity ? 
' Charles. The electric fluid plasses freel;i 
through the former, but the latter oppose iti 
passage. 

Tutor. You know that electricity is excitei 
in the greatest quantities, by the friction of con 
ducting and non-conducting substances agains 
each other. 

Ex. Rub two pieces of sealing-wax, or tw< 
|deces of glass together, and only a very smal 
portion of electricity can be obtained ; therefon 
the rubber of a machine should be a conduct 
ing substance, and not insulated. 

Every electrical machine, with an insulatei 
rubber, will act in three different ways; tli( 
rubber will produce negative electricity: th< 

V 2 
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conductor will give out positive electricity; an! 
it will communicate both powers at once to 
person or substance placed between two dinct* 
ors connected with them. 

James. How does the rubber produce negir' 
tive electricity ? 

Tutor* If you stand on a stool with gUa 
legs, or upon anj other non-conducting sub- 
stance, and lav hold of the rubber, or a chaii 
that communicates with it, the working tlie 
machine will take away from you a quantity of 
your natural electricity, therefore you will bel 
negatively electrified. 

CluirUs. Will tins appear by the nature of 
tlie electric fluid, if I hold in my hand a steel 
point, as a needle ? 

Tutor. If you, standing on a non-conducting 
substance, are connected with the rubber, aud 
your brother, in a similar situation, connected 
with the conductor, hold points in your hands, 
and I, while I stand on the ground, first pre- 
sent a brass ball, or other substance, to the 
needle in your hand, and then to that in his 
hand, the appearance of the fluid will be differ- 
ent in both cases ; to the needle in your hand it 
will appear like a star, but to that in your 
brother's it will be rather in the form of a 
brush. — What will happen if you bring two 
bodies near to one another, that are both dec- 
lifted ? 

JarMS. If they are both positively or both 
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negatively electrified, they will i;epel each othei 
but if one is negative and the other positive 
they will attract one another till they touch, an 
the equilibrium is again restored. 

2\fttor» If a body containing only its naturs 
share of electricity, be brought near to anothe 
that is electrified, what will be the consequence 
' Charles. A quantity of electricity will fore 
itself through the air in the form of a spark. 

T}utor. When two bodies approach each othei 
one electrified positively and the other negative 
ly, the superabundant electricity ruslies violem 
ly from one to the other to restore the cquil 
brium. What will happen if your body, or an 
part of it, form part of the circuit ? 

James. It will produce an electric shock, an 
if, instead of one person alone^ many joi 
hands, and form a part of the circuit, they wi 
all receive a shock at one and the same instan 

IVitor. If I throw a larger quantity of ele( 
tricity than its natural share on one side of 
piece of glass, what will happen to the other side 

Charl^. The other side will become negs 
tivdy electrified : that is, it will have as muc 
less than its natural share, as the other ha 
more than its natural sliare. 

Tutor. Does electricity, communicated t 
^ass, spread over the whole surface? 

James. No; glass being an excellent non 
conductor, the electric fluid will be confined t 
the part on which it is thrown : and for tha 
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Msoilt tnd in order to appl; ittothewholel 
icoi tlie glftn ii covered with tin foil, wbU 
Mlled ft mtfuv* 

Ttttor. And if a. conducting communica 
be mftde betWven both sides of the glass, i 
Ukn place then F 

CAimM.' A discharge ; and this happens 1 
tber the glus be flat, or in any other fonqi 

TiObt. WhatUo you call a cylindrical g 
Tcsatd fliBS doftliBd for electrical purposes ? 

Jamei. A Leyden jar ; and wheq the iniiA 
and also the ontuides, of several of these Ij 
am coBsected, it is called an electrical battg 

THfor.' Electricity, in this form, ta cartl 
of producing the moat powerful cCTects, eucil 
melting metals, firing spirits, and other inflp 
mable substancen. — What effect has metd 
points on electricity ? 

Charles. They discharge it silently, and be 
their great utility in defending buildings fi 
the dire effects of lightning. — Vraj, whs 
thunder? 

Tutor. As lightning appears to be the i 
motion of vast masses of electric matte 
tbunder is the noise produced by the motii 
lightning: and when electricity passes thr 
the higher parts of the atmosphere, whe' 
air is rer^ much rarefied, it constitutes t' 
rora borealis. 

Ex. If two sharp pointed wires bi 
(Plate Tin. Fig. so:) with the fonr e 
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right angles^ but pointing different ways^ and 
^ey be made to turn upon a wire fixed on the 
conductor, the moment it is electrified, a flame 
will be seen at the points abed; the wire will 
begin to turn round in the direction opposite to 
that to which the points are turned, and the 
motion will become very rapid. 

If the figures of horses, cut in paper, Ibe fast- 
ened upon these wires, the horses ^will seem to 
pursue one another, and this is called the elec- 
trical horse-race. Of course, upon this princi- 
ple, many other amusing and very beautiful ex- 
periments may be made : and upon this princi- 
ple several electrical orreries have been contriv-» 
edf showing the motions of tli.e earth and moon^ 
and the earth and planets round the sun. 

James. How do you account for this ? 

Tutor. Fix a sharp pointed wire into the end 
#f the large conductor, and hold your hand 
near it : — no sparks will ensue ; but a cold blast 
will come from the point which will turn ixiy 
light mills, whee|Is, &c. 



CfALYANISM, 



OR 



VOLTAISM. 



CONVERSATION XLUI. 



Gialyanism ; its Origin ; Experiments.— Of the decomi 

position of Waters 

TUTOR. It has been observed as long as I 
I remember, and probably before I was bom^ 
t porter, when taken from a pewter pot, had 
uperior flavour than when drunk out of a 
ss, or china. 
Sharks. Yes ; I have often heard my uncle 

so ; but what is the reason of it ? 
Vutor. Admitting the fkct, which is, I be- 
e, generally allowed by those who are much 
astomed to tliat beverage ; it is now explain- 
ipbn the principles of Galvanism, 
'ames. Is Galvanism another branch of sci- 
D ? is there a Galvanic fluid as well as an 
itric fluid ? 
[V&tor. Of the existence of the electric fluid 

now have no doubt ; the science of electri- 
' took its name from dectroup the Greek 
■d for amber, because amber was one of the 
k substances observed to produce, by mb- 
jf, the effects of attraction and repulsion, 
vanism derives its name from Dr. G«lvaiii> 

Vol. ra^x 



* f' 



» ■ ■ 

who tivt iwpiiiad to the pUlowq^^ 
eiperimeotB on which toe Bcience is Ibi 

dJkatiiei. Fray how was hcf Ie4 to auij 
expariments Z .. 

Tutor. Galfhiiii a profetBor of ailato 
Bokcna^ was one evening making noini 
tricalexperinientef hnd on the table wha 
inachine a^oodf weiti aonia firoga.akliinei 
an accident one. (if, the company toiichi 
main .nerve of a fh^t at the same momai 
ki^.took a consiJerable sparl^ Crbmthe oa) 
w oC the electrical machine^ , and tha'm 
of the firM wiire. thrown into strong ^ 
aioAs. TbiMe^ which were obserfea-.%fi 
vani's wife^ led the professor to a nunu 
experiments^ but as they cannot be re| 
without much cruelty to living animalSf 1 
not enter into a detail of them* 

Jamts. Were not the frogs dead whic! 
led to the discovery ? 

Tutor* Tesy they were: but the pro 
afterwards made many experiments upon 
onesy whence he found that the convulsio 
as they are usually called, the contra 
produced on the frog, may be excited w 
the aid of any apparent electricity, mer< 
making a communication between the i 
and the muscles with substances that ar 
ductors of electricity, 

CharUi. Which are the best condactini 
stances ? 
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Tutor^ AH the metals : but zinc and silver 
«r zinc and copper, produce the greatest mus 
cnlar contractions. 

Charles. Are these experiments peculiar ti 
frogs? 

Tutor. No ; they have been successfully mfid< 

tti almost all kinds of animals from the oi 

dbwnwards to the fly. And hence it was a 

Irst concluded tliat there was an electricity pe 

'iar to animals. 

James. You have already shown that th< 
ectric fluid exists in our bodies, and may bi 
taken from them, independently of that whicl 
Causen the contractions* 
- Tutor. I will show you an experiment oi 
this subject: — here is a thin piece of %inc 
I Hrhich is a sort of metallic substance, but no 
' ^hat is denominated a perfect metal : lay i 
^^nder your tongue, and lay this half-crowi 
'upon the tongue ; do you taste any thing ver 
]ieruliar in the metals 7 
James. No, nothing at alL 
Thitor. Put them in the same position again 
r iind now bring the edges of the two metals int 
^ contact, while the other parts touch the undc 

and U])per surfaces of the tongue. 
: James. Now they excite a very disagrecabl 
> taste, something like copperas, 
k* Tutor. Instead of the half-crown, try tin 
experiment with a guinea, or with a piece u 
charcoal. 



Ckttiu, I perceive tlie same kind ol 
which Junes described. Uuw do yuu ■ 
thefkct? j 

Titter, Some philosopliei-s maintain n 
princi{de of Galvanism and electricity] 
sain* : «ad tlint the furmer is the cvolifl 
emiuioii' «f the electric fluid from com 
]bodie^4lAe II gaged bj* a chemical procesiS 
tba litter is the same tiling made apparenl 



Jamu. MVimtl^iat.n webfeTeaMB* w 
Hvtiiug auMttibmi ai. count, tkb itai 
fiui»«» ud'.^ h^tcroWDt tn aMdacti 

lUor. Test and bo ue the taagtw u 
oalira ; ,and it in probable^ that bj tibeV 
position of some small particles of* the i 
the sharp taste is exciteu. 

Cbarlei, What do you mean by dect 
tion of the saliva 7 

Tutor. We shall, in niir chemistry, s> 
that water is capable of being deconipo; 
is, separated into two gases, called ti 
and oxygen. 

Jame$. Is saliva capable of being tl 
rated? 

Tutor. Certainly, because a great 
may bo supposed to be water : and tl 
combines with the metal, while the 
escapes, and excites the tnste on t' 

Chariei, The disagreeable taste on 
cannot be disputed, but there is n 
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^change on the zinc or the half-crown, which 
^there ought to be if a new substance, as the 
[oxygen^ has entered into the combination. 
t. Tutor* The change is, perhaps, too small to 
pe perceived in this experiment : but in others 
«B a larger scale, it will be very evident to the 
%ht, by the oxidation of the metals. 

Jbnie^. Here is another strange word. I do 
[Bot know what is meant by oxidation. 
I Tutor. The iron bars fixed before the window 
were clean and almost bright when placed there 
last summer. 

James. But not being paintbd, they are be- 
come quite rusty. 

Tu^. Now, in chemical language, the iron 
is Baid to be oxidated instead of rusty: and 
tbe earthy substance that may be scraped from 
Qiem, used to be called the calx of iron ; but 
it is, by modern chemistry, denominated the 
Qjzide of iron. 

'■ "When mercury loses its fine brightness by 
lieing long exposed to the air, the dulness is 
occasioned by oxidation, that is, the same ef- 
ibct is produced by the air on the mercury, as 
h was on the iron. I will give you another in- 
stance. I will melt some lead in this ladle, you 
Bee a scum is speedily formed. I take it away, 
and another will arise, and so perpetually till 
tibe whole lead is thus transformed into an ap- 
parently different substance : this is called the 
oxide of lead. 

X 2 
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Gidvanic ligbt &nd Shocks- ' 

CAcr/es. Wc had a taste of the Galvanic 

yeatordaj, is tliere no way of seeing it ! < 

ZWfRr. Put this piece of zinc betnoM 

rr lip and the gums, as high as yot 
then lay a half-crown, or guinoK, upfl 
teBgH» and when so situated, bring the ■ 
into contact. 

GAor/es. 1 thought I saw a faint Qash oP 

Tutor, I ilare say yuu did, it was f(H 
purpose I bade yon mftke tbe experimei 
may be done in another way ; by put! 
piece of silver up one <rf the nosti41s, • 
zinc on the upper part of tbe tongue, fti 
brinnng the metals in contact, the sam 
will be produced. 

Janet. By continiiing tbe contact of 
ioetalst the appearance of light does 
main. 

Ttitor. No, it is viaible only at the 
of making the contact. Ton may, if j 
tiie enwriment with great attention, pi 
■lip of tin fbil over the ' ball of one 
holi- a tea-^wM in your mouth, and 
(he commuDicatioB between the spoo 
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tin a faint light will be visible. These exper 
ments are best performed in the dark. 

Charles. Is there no means of making expi 
riments on a large scale ? 

Tutor. Yes, we have Galvanic, or, as the 
ought to, be denominated, VdtaiCf from Yolta' 
the iilventor of them, batteries, as well as elei 
trical batteries. Here is one of them. (Fla 
Yiii, Fig. 20.) It consists of a number of pi 
ces of silver, zinc, and flannel cloth, of equ 
sizes ^ and they are thus arranged, a piece 
zincy a piece of silver, a pie^e of cloth moie 
ened with a solution of salt in water, and i 
on till the pile is completed. To prevent tl 
pieces from falling, they are supported on tl 
sides by three rods of glass stuck into a pie< 
of wood, and down these rods slides anoth( 
piece of wood which keeps all the pieces in cloi 
contact. 

James. How do you make use of this instri 
ment? 

Tutor. Touch the lower pierce of metal wl 
one hand, and the upper one with the other. 

James. I felt an electric shock. 

Tutor. And you may take as many as y< 

* Galvtoi's discoveries were the result of mere accide 
•nd even but trifling, in comparison of those made by Vol 
a celebrated Italian, who improved the few hints before h 
into an important body of science : hence the tenn Vokai 
will shoitfy, widftoutdoub^ nipenede that of GalvanLnn, 
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ilete ; with your hands make a communicatioo 
between the two end cells. 

Charles. I felt a strong shock. 

Tutor* Wet your hands, anfjl join your left 
vith James's right, then put your right hand 
nto one end cell, and let James put his left into 
;be opposite one. 

James. We both felt the shock like an elec- 
tric shock, but not so severe. 

Tutor. Several persons may receive the shock 
together, by joining hands, if their hands are 
well moistened with water. The strength of the 
shock is much diminished by passing through 
BO long a circuit. The shock from a battery, 
consisting of fifty or sixty pairs of zinc and 
silver, or zinc and copper, may be felt as high 
as the elbows. And if five or six such batte- 
ries be united with metal cramps, the combined 
force of the shock would be such that few would 
willingly take it a second time. 

Charles. What are the wires for at each end 
of the trough ? 

Tutor. With these, a variety of experiments 
may be made upon combustible bodies. I will 
show you one with gunpowder, but I must 
have recourse to four troughs, united by cramps, 
or to one much lander than this. 

Towards the ends of the wires are two pie- 
ces of glass tubes, these are for the operator to 
hold by, while he directs the wires. Supjiose 
now four or more troughs united, and the wire 
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to be at the two extremitiesy I put Bottie gm- 
powder on a piece of flat glam» find > then Md- 
ing the wires by the • glass tubes, I bring the 
ends of them to the gunpowder, and just before 
they touchy the gpinpowderwill be inflamed. 

Instead of ^npowder, gold and silver kaf 
may be burnt in this way : ether, spirits of win^ 
and other inflanqmabhe substances, are easily 
fired by the Yoltaic battery | it will codsomI 
even small metallic wires. ^^ 

Copper or brass leaf, commonly called^Dileii 
gold, burns with a bekutiful green Hgfat» sflfvn 
with a pale blue light, and gold with a ydlowUi 
green light. 

James. Will the battery continue to act any 
great length of time ? 

Tutor. The action of all these kinds of batte- 
ries is the strongest, when they ai*e first filled 
with the fluid ; and it declines in propoi*tion as 
the metals are oxidated, or the fluid loses its 
power. Of course, after a certain time, the 
fluid must be changed and the metals cleaned, 
either with sand, or by immersimc them a short 
time in diluted muriatic arid. The best fluid 
for filling the cells with, is water mixed with 
one-tenth of nitrous acid. Care must always 
be taken to wipe quite dry the edges of the 
plates, to prevent a communication between the 
cells : and it will be found, that the energy ot 
the battery is in pro|>ortion to the rapidity with 
which the zinc is oxidated. 
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CONVERSATION XLV. 



ie Coiuluctor»---Circle»-^Table»-»£xpenme9i^. 

)r. You know that conductors of the elec- 
lid differ from each other in their con- 
5 power. 

rles. Yes, the metals were the most per- 
nductors) then charcoal, afterwards water 
ler fluids. See p. 157. 
}r. In Yoltaism we call the former dry 
rject conductors, these are the first class : 
ter, or second class, imperfect conductors: 
rendering the Yoltaic power sensible, 
mbination must consist of three conduct- 
the different classes. 

68. Do you mean two of the first class^ 
e of the second ? 

w. When two of these bodies are of the 
ass, and one is of the second, the combi- 
is said to be of theirs/ orden 
rles. Tiie large battery which you used 
lay was of the first order then, because 
were two metals, viz. zinc and silver^ 
le fluid. 

n*. This is called a simple Voltaic cirdCf 
} metals touched each other in some points^ 
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and at other points they were connected by tl 
fluid which was of the different class. 

James. Will you give us an example of 
second order ? 

Tutor. When a person drinks porter firomi 
pewter mug, the moisture of his under lip k 
one conductor of the second class, the porter' 
the other, and the metal is the third body, orj 
conductor of the first class. 

The discoloration of a silver spoon, in the actj 
of eating eggs, is a Yultaic operation. A spoon 
merely immersed in the egg undergoes no dis- 
coloratitm, it is the act of eating that produces 
the change. This is a Voltaic combination of 
the second order, the fluid egg, and the saliva, 
arc substances of the second class of conduct- 
ors, and the silver of the first class. 

Charles. \Vhich are the most powerful Vol- 
taic circles ? 

Tutor. They arc those of the first order, 
where two solids of different degrees of oxida- 
bility arc combined with a fluid capable of oxi- 
dating, at least, one of the solids. Thus gold, 
silver, and water, do not form an active Vol- 
taic circle, but it will become active if a little 
nitric acid, or any fluid decomposible by silver, 
be mixed with the water. An active Voltaic 
circle is formed of zinc, silver, and water, be- 
cause the zinc is oxidated by water. But a 
little nitric acid, added to the water, renders 
the combination still more active, as the acid 
apt^ upon the silver and IK^ liVwc* 
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st powerful Voltaic combinations of 
oi'der ai*e, where two conductors of 
class have dificrent chemical actions 
juctors of the first class, at the same 
act upon each other. Thus copper^ 
lead, with a solution of an alkaline 
and diluted nitrous acid, form a very 
aic circle. Hence the following 

TABLES. 

aic circks of the first ordery composed of two 
:onductorSy and one impeifect conductor. 

;e Less Oxidable Sub- Oxidating 

stances. Fluids. 



With gold, charcoal,"" 
silver, copper, tin, 
^ iron, mercuiy 
C \Vith g^ld, charcoal, 
\ silver, copper, tin 
C With gt>ld, silver, 
(_ charcoal 



With gold, silver 



Solutions of nitric 
acid in water, of 
muriatic ftcid» 
and sulphuric 
>• acid, &c. 
Water holding ia 
solution oxygen, 
atmospheric air, 
&c. 

^ Solution of lutrate 

' I of silver, and 

MHth gold, silver > mercuiy, nitric 

I acid, acetoui 
J acid. 
With gold Nitric acid, 

[quantities of sulphur and alkali be melted ia 
cible, tlie mass obtained is called an ^'^^'tmt 

III.— Y 



Copper 
BOver -• 
Lead "-'', 



TOITAtSM. 



Solotiona of hjdni- 
genated alkuline 
svilphureta, caps 
ble of acting' o: 
the first three me 
taJH, but not oi 
the lost Ihi'ce. 




&c capafajl 
met^ 



I will now show ytiu another experirti 
vhich is fA be made with tlie assistance of 1 
great battei-y. (Fig. as.) a b (Plate viu. E 
S3.) exhibits a glass tiihe. filled with distP ' 
water, and liaving a cork at ench end. 
B are two pieces uf brass wire, which 
brought to within an ini:li or two of one am 
in the tube, and the other ends are carried 
the battery, viz. a to what is called the 
live end, and b to the negative end. 

James. You liaie then positive and negatll 
Voltaism, as well as electririty ? 

Tutor. Yes, and if the circuit be intermpteA 
the process will not ^ nn. But if all things b( 
as I have jost dcscnhed. you will see. a confrtam 
stream of bnbhles ^)f gas proceed from the wi 
B. which will ascfnd to the ii]»per part of ' 
tube. This gas is found tu be hydrogen or 
flammable air. • 

Charles, How is that ascci-tained 7 4 
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By bringing a candle dose to the 
when I take out the cork a, the gas 
'.(liately inflame. The bubbles which 
•om the wire a are oxygen or pure air, 
mulate and stick about the sides of the 

How is this experiment explained ? 
It is believed that the water is decom- 
divided into hydrogen and oxygen: 
)gen is separated from the water by 
;onnected with the negative extremity, 
oxygen unites with and oxidates the 
lected with the positive end of the 

meet the positive end of the battery 
ower wire, and the negative with the 
en the hydrogen proceeds from the 
e, and the lower wire is oxidated* 
) of gold or platina be used which are 
l)le» then a stream of gas issues from 
ch may be collected, and will befoun^ 
ixture of hydrogen and oxygen. 
. Are there no means of collecting 
Is separately? 

Yes, instead of making use of the 
ic extremities of the wii*es, wliirh pro- 
1 the battery, be immersed in water, 
tance of an incli from euch other, then 
)ver each a glass vessel , iti verted and 
iter (Plate viii. Fig. 24.) and differ- 
of ga3 will be found in the two glasses* 



£96 

It lA kiiuwn that hyilrogcin gas redoces tl 
oxides ormetnU. that is, rostoics tliem totht 
netallir stale. If. thorufore, tlie tube (Fig. i^ 
he filled with a sohitinii of acetite «f lead,* k 
distttletl water, and a comitiimicalion is n 
with the battery, no gaa in perceived to i 
from tbc wire, whicli proceeds fi-oin the negt 
tjve enti of the battery, but in a few minidc 
beautiful metallic needles may be seen on ^ 
extremity of this wire. 

Jamks. Is this tbc lead separated from tj 
flaid? ^ 

Tvior. It is; and yon perceive it is in a p 
feet metallic state, and very brilliant. I^tlj 
operation pi'occed, and these needles wUlf 
sume the form of fern, or some other vegetdl 
substance, 

The spark fiiim a Voltaicf battery acts wifli 
wonderful activity upon all inSammable bodie% 
and expci'iments made in a dark room* upM 
f;unpow<li?r, ciiarcoal, metallic wii'c, and mtt 
taltic leaves, kc. may be made very amusingjj 

* Acetite of lead is a solution of lead in aeetoua acid. J 
j- Mr. TJnvy has, by means of a very powerful batten 
been enabled to decompose tlie alkalies, many of the eiiiSB 
sulphtic, pho^iphurua, mid chaTcoal ; also tlie bancic, ftw 
ric, and muriatic adds. His first experinienti were Ml 
pot-ash and soda, which, instead of bemy simple s"*-*—- 
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CONVERSATION XLVI. 



l^cellaneous Experiments. 

r. The discoveries of Galvani were made 
ally with dead frogs ; from his experi- 

and many others that have heen made 
is time, it appears that the nerves qfanu 
lay be affected by smaller quantities of 
ity, than any other substances with which 

acquainted. Hence limbs of animals^ 
y prepared) have been much employed 
^rtaining the Voltaic electricity. 
les. What is the method of preparation ? 
r. I have been cautious in mentioning 
lents on animals, lest they should lead 
trifle with their feelings : I must, how- 
i render the subject more complete^ tell 
at has been done. 

muscles of a frog lately dead, and skin- 
ay be brought into action by means of 
aall quantities of common electricity. 
3 leg of a frog recently dead hepreparedp 
f separated from the rest of the body, 
a small portion of the spine attached to. 

so situated that a little electricity may 
rough it^ the leg will be instantly affect- 

a kind of spasmodic contraction> sone- 



ueiacneu irom lue »urruuriuing punsy 
coverings be removed from over the 
which depend on tliat nerve ; and if a 
metal, as a wire, touch the nerve witi 
tremtty, and the muscle with the otherj 
will be convulsed. 

Charles. Is it necessary that the coi 
tion between the nerve and the muse 
be made with a conducting substance i 

Tutor. Yesy it is : for if sealing- ws 
&c. be used, instead of metals^ no m( 
be produced. 

If part of a nerve of a prepared limb 
ped up in apiece of tin foil, or be laid c 
ef zinc, and a piece of silver be laid 
end upon the muscle, and with the othi 
tin or zinc, the motion of the limb wil 
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lich the limb is not. If I now form a corn- 
cation between the water in the two glass- 
y means of silver^ as a pair of tea-tongs ; 
lit the fingers of one hand into the water 
le glass that contains the leg, and hold a 

of silver in the other^ so as to touch the 
ng of the nerves with itr the limb will be 
xiiately excited^ and sometimes when the 
riment is well made^ the leg will even 

out of the glass. 

mes. It is very surprising that such kind 
)tions should be produced in dead animals. 
Uor. They may be excited also in living 
: if a living frog be placed on a plate of 

having a slip of tin foil upon its back» 
I communication be made between the zinc 
;in foil) by a piece of metals as silver^ the 

kind of contractions will take place. 
arles. Can this experiment be made with- 
njury to the animal ? 

Uor. Yes, and so may the following : — I 
a live flounder and dry it with a cloth, and 
put it in a pewter plate^ or upon a large 

of tin foil, and place a piece of silver on ' 
ick ; I now make a communication between *^' 
letals with any conducting substance, anitf 
}ee the contractions, and the fish's uneasi« 
The fish may now be replaced in water. 
>lace this leech on a crown piece, and then^ 
I endeavour to move away, let it touch a 

of zinc with its mouthy and you will see 



recoil, as if in great pain : the same 
be done with a warm. 
ieved that nil animals, whether snftU 
may be afibctcd in some such manner 
sm, though in different degrees. 
nhs of people, while undergoing the 
1 of amputi&ion, have been convubcd 
^plication oT tlic instruments, an oSbct 
easil; expl^ned by Voltu'"™. 
e knowledge already obta ted in thil 
the following facts ai-e i-eadily ei- 

. mercury retains its metallic splendvar 
a long time; but its amalgam with anf 
metal is soon tarnished or oxidated. 
:ient inscriptions engraved upon pore lead, 
.■esetved to this day, whereas some metals 
osed of lead and tin, of no great antiqaitf, 
ery much corroded. 

orks of metals, whoso parts are soldered 
ther by the interposition of otiier motals, 
1 oxidate about the parts where tlie diflTeN 
metals are joined. And there are persons 
> profess to find out seams in brass and cop- 
vessels by the tongue, which the eye cannot 
:over; and they can, by this means, distin- 
;h the base mixtures which abound in gold 
I silver trinkets. 

Vhen the copper sheeting of ships is faBtes- 
m by meana of iron nail8> those nailsf but 



^ 
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cularly the copper^ are very quickly cor- 
1 about the place of contact, 
piece of zinc may bc^kept in water a long 
witliout scarcely oxidating at all; but 
xidation takes place very soon if a piece of 
r toucb the apinc^ while standing in the 
r. 

a cup made of zinc or tin be filled with 
r^ and placed upon a sHver waitery and 
ip of the tongue be applied to the water, it 
ind to be insipid ; but if the waiter be held 
B hand, which is well moistened with wa- 
and the tongue applied as before^ an acid 
will be perceived. 

arks. Is that owing to the circuit being 
I complete by the wet hand ? 
itor. It is : another experiment of a simi- 
ind is the following : If a tin basin be 
with soap-suds, lime-water, or a strong 
and then the basin be held in both hands, 
tened with pure water, while the tongue is 
ed to the fluid in the basin, an add taste 
)e sensibly perceived, though the liquor is 
ine. 

om this short account of Yoltaism, it may 
ferred : — 

) That it appears to be only another mode 
citing electricity. 

) Voltaic electricity is produced by the 
lical action of bodies upon each other. 



stances. 

(6.) Voltaic electricity is conducted 
same substances as common electricity. 

(7.) Wheii it i3 made to pass thr 
animaU it produces a sensation reseml 
electrical shock. 

(8.) The electricity produced by the 
and electrical eel^ is very similar to V 



THE END. 
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TO THE 



THREE VOLUMES- 



^BSORB^ to drink in. 

^dcceleratiouy a body moving faster and faster. 

AcHofn and re-action^ equal and contrary^ Vol. i. p. 
70. Curious instance of, i. 7 1 . 

jtdhesiotiy a sticking together. 

jfiry a fluid, the pressure of which is very great, 
ii. 137, 138. Its pressure, experiments on, ii. 
152 — 160. Its weight, how proved, ii. 161. Its 
elasticity, ii. 166^-170. Its compression, ii. 174 
— -178. Necessary to sound, ii. 186. 

Air-guriy structure of, explained, ii. 183, 184. 

Air'fiump, described, ii. 141. Its structure ex- 
plained, ii. 142-^144. Experiments on, ii. 145 
and 179. 
F 
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ndkoAoif iurdcnt sbiiit': equal parti of ale 

^water make vpniu of wine. 
Mtaliney a aalitie taste. 
AnamorfikoMeMj dvtprted impiges of bodief 
wfndrfUt* tbeir mode of deambiM the c 
.tipM,!- !««■"' •• ^ ■..^^■. 

AngUf'whMl it 1)1, L 1 1. How explained, it 

oblaee, acute, ib. How called, 13. 
^fUmaiMj bU kiiida o^ affected by GdTai 

243. 

JlJUkeliouj the gn^ateat distance of a planet 

aiflL' 
^fiogetj the sun's or moon's greatest distai 

the earth. ^ 

AquafortU^ of what composed, 1. 1 5. 
Archimed€9j proposed to move the eartl 

Some apcount of, ii. 87. His invention 
jtrrowj to find the height to which ascent 

45. 
Atmoafihercy the effect of, iii. 30, 31. 
Attractiouy the tendency which some parts 

ter have to unite with others. 
Attractiouy cafiillaryj what meant by, i. 2^ 

trated, i. 25. 
Mtraction and Refiuhiojiy electrical, iii. 

169. 

, magnetic, iii. 
Aurora BorealiSy vulgarly called the ^ 

lights. Its use in the Northern parU 

globe, i. 218. Imitated, iii. 217. A curi 

described, iii. 218. ^ 



INDtiX AKD GXOSSABT. 265 

B 

'.lancej hydrostatical, described, ii. 75. 
ilancesj false, how detected, i. 84. 
ill J why easily rolled, i. 49. Scioptric, its effect, 
111. 44. 

irometevj explained, ii. 162 and 244—250. Its 
construction, ii. 238. Its use, 239. Standard 
altitude of, ii. 241. Variation of, ib. To mea- 
sure altitudes with, ii. 244. 
uteryj electrical, iii. 189, &c. Experiments on, 
lu. 192. 

•ccaria^ his observation, iii. 215. 
*Mows^ hydrostatical, ii. 41 — 46. 
trrf«, how they support themselves in the air, i. 
62. 

\ssextile^X\iQ meaning of the word, i. 19 J. 
')di€9y heavenly, why move fh a curved path, i. 
69. £l£^stic and non-elastic, illustrative of the 
third law of motion. Weight of, diminished as 
the distance from the centre of the earth is in- 
creased, i. 39. Falling, the law of their velocity, 
i. 46. How to insulate, iii. 163. Sonorous, 
elastic, ii. 190. Heavenly, the latitude of, i. 141. 
>G?^, moving one, what compels it to stop, i. 60. 
'idles y their vis inertiae, i. 65. 
iyUy Mr. first saw the electrical light, iii. 149. 
Hde^a (St.) church, damaged by lightning, iii. 
211. 

H,ckety how suspended on the edge of a table^ i. 
55. 

uffotiy M. his experiments, iii. 62. 
ulUtSj leaden, how made to cohere, i. 20. 
Vol. III.— Z 
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Camerm obfttra^^- IIV* Ice. 
Cannon, the loimd o^ u. 190. 
CafiiUanf attrattlon, fluids attracted above) 

level, by tuba u imiir ks a hair. 
CardtnalfiohUwt hov diitfaiguiEhed, i 
Cavallo, Mr. hii electrical experiments, iii. srf 
CatofitrUt, the sciniM of retiecled light. 
Ctntre qf gravity, the pinnt of a body, on yitm 

whea'«uapeiided, It will rest. Between the (■ 

and the aun, i. 170. How applicable to thecn 

mon ftctidna'of life, i. 33. ^ 

Centrifugal force, U the tendency which a. W 

has to fly olT in a straight tine. 
CenCri/ietal force, \& the tendency which a bo 

has to another about which it revolves. 
Ckatterton, his lines on the solar system,'!. 14B 
CireUe, Gakanic, what, iii. 251. First; order. 

Second order, ib. The mo^t powerful, iii. 3J 
CUfitydra, principle of, explained, ii, 55. 
Clocki and Dials, why not agree in the measv 

time, i. 186 — 189. 
Cohesion, attraction of, i. 18. How defined, 

Instances, i. 30. Its force, i. 21. How ovet 

ib. Instances of, i. 21. 
Coining, apparatus for, referred to, i. 113, 
Colours, the cause of, iii. 53. 
Comets, in what respects they resemble pit 

539. The heat of one calculated, i. 340 
Comfirewtion, the act of squeezing togctbe 
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C^ondensatioTiy the act of bringing the parts of mat- 
ter together. 

li^ductor9j electrical, what meant by, iii. 154. 

; Table of, iii. 157. Galvanic, iii. 251. Perfect 
and imperfect, ib. 

C?one, double, why it rolls up a plane, i. 54. 

^ntactj touching. 

ConvergCj drawing towards a point. 

C^Qokery^ some operations of, how accounted for, 
L 22. 

Crdncj the principles of a, i. 94. One invented by 
Mr. White, i. 95. Distiller's described, ii. 113. 

fCufifiingy the operation of, explained, ii. 172, 173. 

^CyfiSj hemispherical, experiments on, ii. 158. 

€!ylinderj how made to roll up a hill^ i. 54. 



D 



i- 



)pancer8y rope or wire, how they balance them- 
selves, i. 52. 

Day, astronomical, when begins, i. 138. The dif- 
ference between the solar and sidereal^ i. 185. 

Day and JVtghi^ how explained, i. 163. 

Days and JVighta^ why of different lengths, i. 166, 
167, &c. To whom always equal, i. 174. 

Dece/itiony optical, i. 118. In feeling, i. ib. 

Deceptions^ on the public, by short weights, how 
detected, i. 84. Occasioned by swift motions, i. 
159. Optical, iii. 27 — 29, and 77, &c. 

Delavaly Mr. hi^ experiments, iii. 57. 

Density^ compactness. Constitutes specific gravi- 
ty, ii. 70. 



ii. 1 18, 1 19. Accidents with, ii. 1 19, IS 
ton's improvements on, ii. 121. Wa 
provements on, ii. .122. Anecdote of^ 
DivergCj to spread out. 

E 

Earthy centre of, why bodies move to it, i 
not apparently moved, i. 36. Its sha] 
Its diurnal motion, i. 155 — 161. The ^ 
its motion, i. 161. When its motion is 
i. 189. Its annual motion, i. 161 and 
Its rotation, the most uniform motion 
i. 185. A satellite to the moon, i. 199 
guments against its motion, because 
rent, i. 157. Its magnitude, i. 160, 
globular figure, i. 149. How proved 
152. Its poles, what, i. 153. Its ax 
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Eclifiticj the earth's annual path round the hea- 
vens. How described, i. 1 30. How to trace the, 
i. 131, 132. 

Effluviay fine particles that fly off from various bo- 
dies. 

Egg9^ discoloration of silver with eating, iii. 252. 
How explained, ib. 

EiasticUyj the quality in some bodies, by which 
they recover their former positions, after being 
bent. What meant by, i. 28. 

Electric J what meant by, iii. 149. Light, by whom 
first seen, ib. 

Electricity J history of, iii. 147. Attraction, electri- 
cal, when first noticed, iii. 148. Atmospheric, 
iii. 143. The two kinds, iii. 170. Medical, iii. 
224. Animal, iii. 228. 

Ehctrometevy Lane's, iii. 189. Quadrant, the use 
of, iii. 191. Another kind, iii. 207. 

Eolian Harfiy structure of explained. 

jKjiAtf mtfri«, an almanac. White's explained, i. 134. 

Equator^ how described, i. 131 and 154. 

Eguinoctialy what meant by, i. 1 54. 

K Evenings at Homcy* referred to, a work of great 
merit, i. 10. 

fycy the parts of which composed, iii. 80. 

F 

Feathers^ electrified, their appearance, iii. 172. 
Wire Engines^ described, and the principle of them 

explained, ii. 1 30. 
FiMhy how they swim, ii. 139. Air-vessel of, the 

uses, ii. 140. Electrical, iii. 256. 

z 2 
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ide very thick, ii. 56. I 

low diBtinguishcd, ik 20 U 

;dingly smaU, ii. 12. IncM 

1, ii, 14, 15. M 



Flannel^ a conductor of sniind, ii. 

Plea, circulation of the blood of a, i. 1 9. 

plood-gtttes, why made 

Fluidt and Solids, how d 
Particles of, exceedin 
ble of compressii 

Fiuidt press equally in all directions, ii. 19. Incdti 
presuble, ii. SI. Air, compression of, ib. V/aM 
and plressure of, experiments on, ii. 34, 2S.&6 
tend presaurc of, ii. 30 — 34. Difference betvoM 
the weight and pressure of, ii. 33. Motion4ii| 
ii. 63, 64. Eiiperiments on the light and hen^ 
ii. 9t—'99. Specific gravity of, differs Bccordil| 
to tho degrees of heat and cold,u. 103. ^V 

Force, centrifugal, what meant by, i. 85. ^• 

Founiaint, the principle of, e^lainedj ii. "Gl. 

^oun;afn, artificial, ii. 176. 

Franklin, Dr. his experiments, iii. 301. DiacoKli 
that lightning and electricity are the suae, iii 
302. 

Friciion, rubbing. Must be alloifed tor in medM 

Frogt, esperiments on, ii 

Fulcrum, tlie prop or cetil 

■\Vhat meant by, i. rs. 



Gti^vani, Dr. his discoveries, iii. 243. HnieriiBnti 

on frogs, jb. and 257. 
Galvanic iatterie*, bow foreoed* lU. 1471 94ft 

Shock, iii. 249. 
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^alvanUmy what it is, iii. 241. From what it de- 
rived its name, ib. And electricity the same, iii. 
ib. Made apparent to the senses, iii. 243. Posi- 
tive and negative, iii. 254. Summary of, iii. 261. 

"harden engineay described, ii. 131. 

Ca%y a kind of air. Hydrogeui how procured, iii. 
355« How collected, ib. 

'OauffCj a measure. 

'€r€Ocentric place ofafilanety what meajit by, i. 230. 
Longitude, ib. 

Globcy the greater part of its surface wat^r, ii. 2 1 5. 
A representation of the earth, i. 152. 

GlttCi for what used, i. 26. 

Gravity^ the tendency which bodies have to the 

^ centre of the e^rth. Centre of, what meant by, 
i. 47. How found, i. 48. Acts upon all bodies, 
i. SO. The law of, i. 81 and 37. Illustrated, i. 
31, 32, and 37, 38. 

Gravitation^ attraction of, defined, i. 29. Instances 
of, i. 29. By this force bodies tend to the centre 
of the earth, i. 30. 

Gregory y Pope, rectifies the Julian year, i. 192. 

Guinea^ specific gravity 0% ii. 76. 

Gunfiovfder, how fired, iii. 250. 

GymnotuBy described, iii. 230. 



H 

Hammer J philosopiiical, ii. 82. 
Hamfiateadj the fine prospect firom, iii. 88. 
Harveat-mooTij explained, i. 213—219. Cause of; 
1. 217. 
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Heat, eniBDda *J1 bodiw, i. 22. The 

great,!. 173. 
Height of any plve, hov found, i. 42, 43. 
Helioeenirk longttvdi, L 330. 
/TCT-fcAef, the pUoM, when discovered, i. 337, Ifi 

magnitude, dirt«nc«i tec. i. 238, 2S9. 
Hkro'a criHm, cheat rupecting, how detected, iL 

89,90. 
Hog»kead, \am bnnt, u. 4S. 
Hofi-wagoiUf dangeroiu to meet in an inci 

road,L'51. 
Horizon, tbe botindarjr where the sky 

touch the nir&ee of tbe earth or sea. Seosit 
' and rational L i6S. . To which we refer the 

Ing and Mtting of the Bun, i. 163. 
Hydraulict, hy^OBtatic prtnciples applied to milli^ 

engines, pumps, fcc. \ 

Hydrometer^aa instrument to measure the strenglh 

of spirits. Described, ii. 100 — 103. To what 

applied, ii. 103. 
Hydrostatic*, the origin of the term, ii. 9, The 

objects of, ii. 10. 
Hydrostatical fiaradox, explained, ii. 3 4" 10. 
Hydrostatical 6elloma, described, and explained, 

ii. 41—46. Press, ii. 46, and 133 — 134. Fluids, 

pressure of in proportion to the perpendicular 

heights, ii. 42. 
Hygrometer, an instrument by which the moisture 

of the air is measured. Its construction and vse, 

ii. 263. Different kinds of, ii. 263 — 266. 
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ck'tt'lantern, iii. 219. 

itner^ey to plunge in. 

tifiely to drive on. 

icidenccy line of, ii. 202. 

ncomflreaaiblcy not capable of being pressed inte 

1^ smaller compass. 
Inertia^ of matter, its tendency to continue in the 

state in which it is. 
IngenhouZf Dr. referred to, i. 26. His character, 

ib. 
JnterMticeay the hollow spaces between the particles 

of matter, 
/ron, oxide of, iii. 245. 
Jupitevy the planet, its magnitude; distance from 

the sun ; the velocity of its motions, i. 23 1. The 

length of its days and nights, i. 232. Satellites 

i. 232. 
Julius Caear^ the part he took in reforming th 

year, i. 190, 191. 



Lateral^ sidewise. 

JLatUudCy of the planets, their distance from 

ecliptic. Parallels of, i. ,173. 
JLeady eleven times heavier than water, ii. 32. * 

ide of, iii. 244. Acetite of, iii. 256. 
Xeq/*, gold, silver. Sec. how burnt, iii. 250. 
Jkeaksy in banks, how secured, ii. 57. 
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LeaffytaTf what meant by, i. 190. Rule for knoll' 
ingji. 191. 

Lentei, different kinds described, iii. 33. 

Zfve/J, conMniction of, ii. 18. Use of, ii. IE 

irtier, abw^crow, Ecf. For what used, i. 79. 
called a medmnicd power, i. 79. OF the 
kind, what iostrogients referred to, i. 85. 
to estimats ita power, i. 86. OF the second '. 
whU inattumebti reFerrod to, i. 86. Of the Mi 
kind, what mnruments referi-cd lo, i. 87-^89, 

Lever*, how many kinds, i. 79, Their propel 
illustrated, i. ao— 83. 

Light, its great velocity, how discovered, 
and iiL 10, 11. OF what composed, iii. 9. Si 
subject to apbarent diminution, iii. ] 
source of light to the planetary worlds, Uti 
MoTea in straight lines, iii. 13, U. RayoF,wh« 
meant by, iii. 1 S. Reflected and refracted, i3^ 
17 — 20. Its great advamages, iii. 49, A com-, 
pounded body, iii. 51. Galvanic, how perceivcdl, 
iii. 246 — 248. 

Lines, right, what meant by, i. 1 1 . | 

London, how supplied wiih water. Bridge, watew 
works at, ii. 63, 130, 

Long dayt, the reason of, i. 17*. 



M 



Machine, electrical, i 



The most powerful' 



Magnet, described, iii. 137. Its uses, iii. 138, Di- 
rective property, iii. 127. Artificial, iii. ISt. 
/"roperties of, iii. \30. 



IITDEX AND Gl^OSSART. 275 

JtSy how to make, iii. 135. 

•he attraction and repulsion, iii. 131. 

es, reason why they roll to greater or le3S 

mces, i. 58. 

er's comfiassj described, iii. 139. Variation 

ii. 140. 

the planet, its distance from the sun ; its ye- 

:y; its magnitude, &c. i. 227—230., 

r, every substance with which we are ac- 

nted. How defined, i. 1 4. Definition illus- 

id, i. 15. Capable of infinite division, i. 15. 

larkable instances of the minute division of, 

)— -18. 

nical fiotoersy how many, and what they are^ 

nicsj importance of, i. 76. Power gained by 
n, ib. 

Tt/, the planet, its situation, i. 219, and Ve- 
why called inferior planets, ib. Rarely seen, 
>0. Its distance from the sun ; its velocity ; 
ize, &c. 221. 222. 

9, some more sonorous than others, ii. 190. 
scofie^ its principle explained, iii. 1 10. Sin- 
iii. 112. How made, iii. 113. Compound, 
114. Solar, iii. 117. 
rsy the different kinds, iii. 59. 
ntuniy the moving force of a body. What 
int by, i. 33. Illustrated, i. 34, 35, and 73. 
/, counterfeit, wrong to pass it, ii. 94. 
iy what meant by, i. 194. Difference between 
periodical and sy nodical, i. 195. 
, to what laws subject, i. 39. Its declination, 
38. Its southing, ib. Ix.^ ^y^x-w^k.^ ^^xss^'<^^ 
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habited, i. 199. Ec^ 
of explained, i. 19$!] 



earth, i. 163. Probably inhabited, 

ses 0^ L 300. 
Moon and eartkf notions 

Shinei with botrbwed light, i. 19 5. The lengat 

of her dumwteri i. 196. Phases of, eKpl3Jne(],b 

196. Her ratttien describetl, i. 1 97. Length 

her daft >^ Length of her year, ib. 
Mocion,c9Dtraatt what it is, i. 74. Laws of, I 

Must 1m CMBtnitW to memory, i. 63, 64; 
. firstiUastrated, i.£6 — 60, the second illustrate 

i. 60. the third Utuatrated, i. Gl— 63. 
Motiotu, circshr, exist in nature, i. 64 
Muschenbrotek, M. describes the elei 

iii. 183. . ( 

Mutical inatruikentt depend on the air for actioj 

ii. 210. 

N 

.Vadir, the point under our feet. 
JVautical Almanac, its use, i. 13 
jYcedle of the mariner's c( 
JVcwea and Tituaeht^ how 

nic fluid, iii. 342. 
JVfiu Style, when adopted, i. 192, 
JV'fwfon, Sir Isaac, his eicperimeDts on electridtj, 

iii. 149. . 
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O 

la J by what means visible, iii. 24. The image 

how painted on the eye, iii. 87. 

e, of the 3hape of an orang;e. 

ucj dark. 

, the path of a planet round the sun, or of a 

on round its primary. 

atiouy what meant by the term, iii. 245. 

ey the calx of a metal. What meant by the 

m, m. 245. 



/, Dr. his natural theology referred to, iii. 88. 
n'a digester described, i. 23.* and ii. 236. Its 
;s, ib. One burst, ii. 237. 
tfr, Mr. his large burning glass, iii. 35. 
ussioTiy a stroke. What meant by, i. 71. 
omenon^ an appearance in nature. 
f, Leyden, where discovered, iii. 182. 
aojiht/y what it is, i. 10. Natural and experi- 
ntal, the introduction to, not difficult, ib. Na* 
al, the uses to which U is applied, i. 60. 
>8ofihical Tranaactionsy referred to, iii. 216. 
tower of, leans out of the perpendicular, i. 50. 
p, inclined, explained, i« 100. Examples re- 
nting the, i. 101 — 104. Wfiat instruments 
erribl^ to, i. 103. 

etay their number and nameS) i. 145. Charac- 
s of, i. 137. Latitude of, i. 141. The ordeP 
Vol* III.— a a 



2T8 mitt krm cffioasAiiT. 

of tHeir motions, i. 1 45. How to find their dl 

tances, L 236, 237. 
Pneumatkt, what, tceated of under, u. 137J 
Point*, cardinal,!. 134. 
PoU'itar, its use, i. 124. 
Palet, apparently stationary, 1. 16S. At thcj d 

one day anJ one night in the year, i. 183. 
Prest, hydrostalieal, ii, 45, 45. 
. Prieatlty, Dr. his history of electricity referred fl 

iii. ISO. , 

Price, Dr. referred to, i. 40. 

PrUiK^ the effect of, iii. 95. I 

Puddling, what meant by the temi,'ii, 57. 
Pulley^ how explained, i. 95. The single give* a^ 

adTatitage, ib. The moveable, i. 98. ^ 

PuTR^, principle of, ii. 133 — 138. 
Ptim^,/orciny, described, ii. 128. J 

Pyrometer, its construction and use, ii. 360. v 

R J 

Radiant-fiointi, from whence rays of lig-Iit flow iif 

all direcUons. 
Rainbovi,the cause expliuned, ii!. 94. Artificial) 

iii. 99. Curious ones described, Ui. 99, £tc. 
Rain-gauge, its construction, ii. 366. How it ii 

used, ii. 367. 
Rain, an electrical phenomenon, iii. 333. 
Rays, pencil of, what meant by, iii. 33. ParaUdi, 

definition of, ib. _-- . 

Reflection, rebounding back. Its powera in >pp^ 

rently multiplying objects, i. 131. Line el^ «f 

^ilainetl, ii. 201i. 



t 



INDEX AND GXOSSABir. £79 

ctiofiy inclining or bending out of its course, 
power in apparently multiplying objects, i. 

siotty driving away. What meant by, i. 27. 

ances of, i. 27, 28. 

lum^ e lee tricalyVf hdit meant by, iii. 188. 

:rade motion^ by which the heavenly bodies 

Jar to go backwards. 

berate^ to beat back. 

JSTeWy how it supplies London with water^ 
3. Reservoirs belonging to, ii. 64. 

, banks of, must be very thick, ii. 57, 
Uaboutsj the principle of, i. 75. 



s 



, decomposed by Galvanism, iii. 244. 
whatever has a sharp taste, and is soluble in 

atery heavier than fresh, consequence of, to 

ided vessel, ii. 104. 

tesy moons^ 

(, the planet, how known, i 234. Its mag^i- 

, distance from the sun ; the velocity of its 

.ons, i. 234, 235. Its satellites and rings, i. 

The length of its day and night, i. 236. 

an inclined plane wrapt round a cylinder, 
principle explained, i. 107. Of what com- 
d, i. 108. Examples of, i. 109. Used by 
;r-makers, i. 112. Its power estimated, ib. 
, the hottest, i. 178. 



r 
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I'ariety of, on what depends, i, I 
nt, how accounted for.i. 171, : 
produced, i. 178. 
smaged by lighlniiig, iii. 216, 
. eleclricue, described, iii. 231. 
[periment with, iii. 343. 
he structure of, esplained, ii. I 
....le, ii. ilO. 
.S ci 3w they get at their master's rui 
&,...ki 'casoD of its ascent, ii. 181. 

Smake-jacK, its principle, ii. 213. 
Sotar £^ lie m, described t i. 142, 143. 
Solder, fur what used, i. 26. 
Sound, conductors of, ii. 187, 168. Hon 
be heard, ii. 191. How fast it travels. 
Velocity of, applied to practical purpose: 
19S. • 

^arj-, electrical, its nature, iii. 199. Gal< 

power, iii. 256. 
Sfiecific gra-u,icy,v/ha.t meant by, ii. 26. C 
explained and illustrated, ii. 65, 96. Mot 
ii. 67. 
S/teelaeUi, their construction, uses, and 

kinds, iii. 90, 94. 
S/iirii, rectified, what meant by, ii. 101, & 
Sfiringt, intermitting, explained, ii. 113. 
St. Paiil't, whispering gallery of, principle 

ed, ii. 208. 
Slara, how to find the names of, i. 126, H 
marked on the globe with Greek char 
129. Fixed, their apparent motion, i. 1 
not seen in the day, i. 166. Fixed, their 
i. I IT, 118. May be distinguished, i. 12: 
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sir immense distance, i. 185. Fixed, descrip- 

>n of, i. 145, 247. Their uses, i. 248. Falling, 

lat they are, iii. 310. 

n engine, its use, ii. 221. When invented, ii. 

2. Its structure, ii. 224. The application, ii. 

1, 232. That of Messrs. Whitbread described, 

233. Its power calculated, ib. Accidents oc- 

sioned by, ii. 235. 

yardy ^ sort of lever, i. 82. Its advantages over 

>air of scales, i. 82. 

rn8j by what occasioned, ii. 218. 

ion, no such principle in nature, ii. 153— • 157. 

hurety akaline, what, iii. 253. 

mere J two in a year, in some places, i. 181. 

and Clocks, seldom together, i. 140. 

declination of, i. 137. Longitude of^ i. 141. 
IS not latitude, ib. Its magnitude, i. 143. Why 
appears so small, ib. Its distance from the 
rth, i. 144. Annual motion of, how observed^ 
168. Reasons for, i. 1 30. Nearer to the earth 
winter than in summer, i. 177. A description 

i. 243, 244. 

riming, theory of, ii. 105. How to be attained, 
Less natux^ to man than to other land ani* 
lis, ii. 106. 

nge, its structure explained, ii. 1 50. Condens- 
l one described, ii. 177. 



69, Galvanic, iii. 253, 254. 
Xent, a straight line, touching the circumC^rence 
a circle in one point. 
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Tangible^ capable of being felt or handled. 

TantalMt't cufi, ii. ill. 

Taaie, a'disagreeable one, esciied by llie unioosf 

metsli nUced on and under the tongue^ iU. stf 

How accounted for, iii. 244. 1 

Teietco/iii refracting, explained, iii. 100. 

iii. 151. Reflecting, explained, iii. IQT. Dr. Htfj 

8chel'*tUi, no. 
7CT-»i«ttachnical,dcrivcd from the Greek Ungu^ 

ii. 9. 
Thermometer, its construction and u 

354. Ite scale, ii. 254. Wcdgcwc 

Reauroar's scale conipared with Fahre 

ii. 339. Heat, sc^e of, ii. 35B. 
Thunder, how produced, ii. 1 B9. 
Tides, the causes of, explained, i. 307 — 213. ' 

every 25 hours, i. 210. Different in diffcf 

places, i. S ] 1 . When the highest happen, i. SIK 
Time, equal and apparent, how distinguishedt I 

183, 184. On what the difference dependsi t 

184. Equation oi; i. 140 and 183 — 189. DifEi 
sionof, i. 194. j 

Time and eflace, clear Ideas of, neccsaary to H 

formed i, rs. 
Tarfledo, described, iii. 328. 
Torriceltian, experiment, ii. 148. 
Tranaferrer, an instrument used in {mcusutici. 
Transit of Venua, her passage over Uie aun'a bee. 
Trembling eel, noticed, ill. 232. 
Triangle, what meant by, i. 13. Any two aides o^ 

greater than the third, i. 68. 
Trofiiet, rarcles pu«Uel to tits aqoatw. 
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\p.€t^ Speaking, described, ii. 196 — 1.99. When 
t used, ii. 198. 

xfietB^ for deaf persons, ii. 199. 
, a pipe. 

g-A/, the degree of light experienced between 
setting, or rising, and dark night. 

latioTiy swinging or vibrating. 

i^m, a place void of air. 

', a sort of trap door. 

ff, what ineant by, ii. 124. 

ablesy how blanched, iii. 56. 

iti/j a term applied to motion. Accelerating, 

It meant by, i. 4 1 . 

;, the planet, its distance from the sun ; the 

9city of its motion; its magnitude, i. 233, 

i. Why an evening and why a morning star^ 

25. Transit Of, what meant by, i. 226. 

er, its construction and use, ii. 241. 

Xy the top of any thing. 

tioriy the swinging motion of a peqdulum. 

7, the manner of, iii. 84. 

ilcj any light substance that easily evaporates. 

ic batteri(9^ iii. 247*^248. Shock, ill. 247<-« 

). 

ismy iii. 247, &c, 



.-■*■/ 5i 
■■•■•• ■.•..,.*' f.-' 

., *• . '. -• * • . t- '^ ^ ' 

./ . .. i ■■.■•" •-' 

IFa//, leanibg oiiaf »l Bridgnoxtlmi. Ml* ^^ ^ ^ 
Watery ^nrt TtSm^ihit UMOdirdita^caa^ 
bodies with, ti^ 69. . Weigbt tiiC; aane ««4iy 
wherciib. Always 4eeper than h i^q^ouB^tD M^ 
ii. 107, ifeid iii 36. H^nitedfirQm4je»f««llii 
ii 131, 133. Formed of two gao^iy iiL 244. 
Decomposed, UL 255.,' ■ ''■'''^' ' r' 

Water ^pQUt9^tlkm csuM* iii- 380. BWdu^srsQi^ 



ib. ..... ^ ■-''•-. ■:! 

Weather^ rules &r judging 6^ jL^TO— STl; ,3 

Wedge J a trisngubr piece ofwoodr,oir ittcU^lii 
cleave stone, &c. Its principle explained, i^ 104. 
Its advantages in cleaving wood, i. 105. Whst 
instruments referred to, i. lOQ. 

Well, how to find the depth of one, i. 43. 

Wheel and axis, described, i. 91. For what pur- 
poses used, ib. Its power estimated, i. 92. How 
increased, i. 92. Explained on the principle of 
the lever, i. 95. 

White, Mr. James, his invention of a crane, i. 95. 
His patent pulley, i. 99. 

^nt/, what it is, ii. 212. The cause of, ii. 213. Ex- 
periment on, ii. 213 and 217. Definition o^ iL 
215. Its direction'^enominated, ib. The cause 
of its variableness in England, ii. 217. How to 
find its velocity, ii. 219. Table of, ii. 220. 

Winds, how many kinds, and why so named, IL 2 14, 

Winter, why colder than the summer, i. 177. 
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Yeary its length, how measured, i. 190. Gregorian, 
what meant by, i. 192. The beginning of, changed 
from the 25th of March to the 1st of January, i. 
193. 



Zenith^ that point of the heavens over one's head. 

Zincy experiment with, iii. 243. 

Zoflfiac, a belt in the heavens, sixteen degrees broad, 

through which the ecliptic runs. Signs of, i. 135. 

Dr. Watts's lines on, i. 136. 
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OPTICS. 

.ight : the Smallness and Velocity of its 

Particles 

tays of Light : — ^Reflectioii and Refraction 
Lefraction of Light - ' - 

lefraction and Reflection cf Light - 
VifTerent kinds of Lenses 
'araUel, diver^g, and conveiging Ra3r9 
niages of Objects---Scioptric Ball, &c. 
Mature and Advantages of Light 

Colours 

teflected Light and Plain Mirtors 
Concave Mirrors ... 
Concave Mirrors — Expetinients 
Concave and Convex Mirrors - 
)ptical Deceptions, Anamorphoaesy 
)ifrerent parts of the Eye 
lanner of Vision . . - 
ipectacles, and their Uses 
tiunbow - . . - 

lefracting Telescopes - 
leflecting Telescopes « 
klicroscope - - - - 
'amera Obscura, Magic Lgntem, and Mul- 
tjplying Glass . • • 
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